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ABS TRACT 
THE SYNTHES IS AND CHARACTERIZAT ION OF SOME THERMALLY STABLE 
POLYPYRAZOLES AND ACETYLENE TERMINATED ASPARTIMIDES 
John W .  Conne l l , Ph . D .  
Virg inia Commonwe alth Unive r s ity 
Maj or D irector: Dr . R . G .  Bas s 
Reactions invo lving the nuc leoph i l ic addit ion cyc li-
z ation to ac tivated acetylenes have been employed a s  a 
novel route to moderate to high mo lecular we ight polymers . 
Polypyr a z o l e s  ( P I  to P 1 2 )  have been prepared from the 
Michae l-type addition cyc l i z ation of various aromatic 
dihydr a z ines to aromat ic dipropynones in m-cresol . The 
aromatic dihydraz ines employed were 4 ,  4 '-dihydra z inodi-
phenyl ether ( 4 , 4 ' -DHDPE ) , 4 , 4'-d ihydr a z inodipheny lmethane 
( 4 ,  4 '-DHDPM) , and 4 , 4 ' -d ihydr a z inodiphenyl sul fone ( 4 , 4'-
DHDPS ) . The d ipropynones uti l i zed were 1 , 1' - ( 1 ,  4-phenyl-
ene ) b i s ( 3 -pheny l-2-propyn-l-one ) , ( l , 4-PPPO ) , 1 , 1 ' - ( 1 , 3-
phenylene ) bis ( 3-phenyl-2-propyn-l-one ) , ( 1 ,  3-PPPO) , 1 , 1 '-
( 1 , 4-phenylene ) b i s ( 2 -propyn- l-one ) , ( 1 , 4-PPO ) , and 1 , 1 ' -
( 1 ,  3 -phenylene ) bis  ( 2-propyn-l-one ) , ( 1 , 3 -PPO ) . 
Polymers ( P I-P 6 )  obtained from the pheny l substi tuted 
d ipropynones ( 1 , 3  and 1 , 4-PPPO's ) had inherent viscosities 
r anging from 0 . 1 5 to 0 . 3 3 dL / g .  The glas s tran s ition 
temperatur e s  ( Tg )  ranged from 2 2 5  to 2 6 1 ° C a s  measured by 
d i f ferential scanning calorimetry ( DSC ) . The temperatures 
of 1 0 %  we ight l o s s  as measured by thermogravimetric 
ix 
anal y s i s  ( TGA) ranged from 4 0 0  to 5 0 0 ° C  in air and 4 7 0  to 
5 1 2 ° C in ni trogen . In  a few c a s e s  creasable f i lms were 
obtained by solution cas ting from chloro form . 
Po lymer s  ( P 7-P I 2 )  obtained from the un substituted 
d ipropynone s ( 1 , 3  and 1 , 4 -PPOs ) had inherent viscosities 
ranging from 0 . 3 1 to 1 . 0 5 dL/ g .  The Tg ' s  ranged from 2 0 2  
to 2 6 6 ° C a s  measured by DSC . The temperatures o f  -1 0 % 
we ight los s as measured by TGA ranged f rom 4 1 5  to 4 8 3 ° C  in 
air and 4 6 6  to 5 1 2 ° C  in ni trogen . I n  a few cases  creasable 
f i lms were obtained by s o lution casting from N , N-dimethyl­
acetamide . 
Mode rate to high molecular we ight po lypyrazoles were 
readily prepared by the reaction of aromatic dipropynone s 
with aromat ic dihydrazine s . I n  a few cases  creasable f i lms 
were obtained . The Tg ' s  ranged from 2 0 2  to 2 6 1 ° C  a s  
me asured b y  DSC . The polymers exhib ited good thermal 
stabi l i ty as measur ed by TGA . 
Reactions involving the nuc leophilic add it ion to 
activated alkene s have been employed as a route to novel 
ace tylene terminated aspartimide s ( ATA ' s ) . Nove l ATA ' s  
were prepared by the M ichael -type add it ion o f  a series  o f  
aromatic d iamines t o  two mo l e s  o f  N- ( 3 -ethynylpheny l ) ­
male imide ( NEM ) . NEM was prepared by the condensation 
reaction of 3 -ethyny lan i l i ne and ma leic anhydr ide . The 
aromatic amines uti l i zed were ani l ine , 4 , 4 -diaminodipheny l­
methane , 4 , 4 ' -diaminod iphenyl ether , 4 , 4 ' -diaminodiphenyl­
sul fone , 4 , 4 ' -bis ( 3 -aminophenoxy ) benz ophenone , 4 , 4 ' -bis ( 4 -
x 
aminophenoxypheny l )  sul fone , and 1 , 1 , 3-trimethy l-3 , S-b is ( 4-
aminophenoxy ) indane . 
The ATA's were characte r i z ed by in frared spectro scopy 
( IR)  and IH nuc lear magne tic re sonance spectroscopy ( NMR ) . 
The ATAs were i s olated as a mixture o f  s tereo i some r s  s ince 
a chiral carbon is created dur ing addi tion . No attempt was 
made to separate the s tereoisomers . Us ing a DSC the he'ats 
o f  reaction ( � H )  of the acetylene groups was me asured , the 
�H ' s  ranged from -23 . 2  to -4 9 . 2  kcal/mole presumably 
depending upon acety lene dens ity ( concentrat ion ) . 
PART 1 
POLYPYRAZOLES 
1 
INTRODUCTION 
Re search on high performanc e / high temperature poly­
mer s  began in the late 1 9 5 0 's ,  spons ored prima r i ly by the 
mi l i  tary for use in advanced a ircraft , m i s s i les , weapon 
sys tems , and e lectronic s .  S ince then a s i gni ficant amount 
o f  rese arch has been conducted by the mi l itary and c iviiian 
aerospace communi t i e s  concerning thermal ly s tab le organic 
polymer s  which are widely used in today ' s  technology 
because of the i r  engineering advantages ( i . e .  s trength , 
l ight we ight , proc e s s ab i l itYi corros ion , radiation and 
the rmal re s i s tanc e , and low cost ( 1 ) ) . The s e  polymer 
sys tems are used in funct ional ( coatings and f i lms ) and 
s tructural ( adhe s ives , foams , and compos ite matrice s )  
app lications such aSi coat ings o n  cookware , insul ator s  for 
electronic and microelectronic parts , and s tructural 
components in the form of adhe s ive s , insul ating foam , and 
fiber r e i n forced c omposites for use in advanced aircraft , 
space vehic l e s  and s tructures .  
Early research on heat re s i s tant polyme r s  resulted in 
the synthe s is of many thermally s table polyme r s  as me asured 
by thermogr av imetric analy s e s  ( TGA) , however mo s t  of these 
systems wer e  o f  limited solub i l ity ,  and high g l a s s  trans i ­
tion temperatures ( T g ) . Some o f  t he s e  e arly po lymers have 
been referred to as "br ick dus t "  s ince the materials  are 
insoluble and intractable , but exhibit excel lent thermal 
stab i l i ty . I t  was s oon real i z ed that the se materials  were 
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of l ittle o r  no use . Since they were insoluble and in-
tractable , they cou ld not be proc e s s ed into u s e ful com-
ponent s .  The s tructural features o f  a polyme r which 
prov ide optimum heat re s i s tance ( aromatic or hetero-
aromatic r ings , polar moieti e s , and crystal l i nity ) decrease 
the ease of proc e s s ing ( high me lt viscos ity , high g l a s s  
tran s ition temperature ( T g ) , and l o w  solub i l i ty ) . The 
s tructural feature s  which enhance proc e s s ab i l ity se rve to 
detract from the therma l s tabi l ity and lower the Tg o f  the 
polymer . A compromi se o f  the material ' s  therma l stab i l i ty 
i s  o ften made to improve i t s  proce s sabi l i ty . Groups such 
as oxygen , methy lene , carbonyl , and sul fony l impart flex i -
bi l ity and solub i l ity to the po lymer b y  d i srupting sym-
metry , but they are l e s s  thermal ly s tab l e  than 1 , 4 -
phenylene l i nkage s .  The proce s s ab i l i ty o f  a po lymer system 
may a l s o  be improved by other methods such as restricting 
the mo lecu lar we ight ( o f f setting the stoichiome try o f  the 
starting materials ) ,  additives ( plasticizers ) ,  and the use 
o f  reactive o l igome r s . S igni ficant improvement in the 
therma l stab i l i ty o f  organic po lymer s  i s  unl ikely , but as 
techno logy c ontinue s to demand new materials with tai lored 
propert ie s , improvements in des ign chemi s try , proces sa-
b i l i ty ,  and in proc e s s ing technique s are l ikely . 
The thermal s tres s  in term s  o f  time , temperature , and 
environment mus t  be defined when cons ider ing a polyme r for 
high temperature app lications . For a polymer to be u s e ful 
for high temperature application s  i t  must retain usable 
4 
mechanical prope rties for tens o f  thous ands o f  hour s at 
1 7 7 ° C ,  thousands of hour s at 23 0 ° C ,  hundreds of hour s at 
3 0 0 ° C , minutes at 5 4 0 ° C  or seconds above 7 0 0 ° C . The type 
of environment a l s o  a f fects the polymer ' s  stab i l i ty and 
mus t  be thoroughly described ( 4 ) . Environments where the 
mater i a l s  are expo sed to extreme heat or cold , radiation , 
chemical attack o r  phys ical s tres s ( load ) can have deva­
s tating e f fects on the mater i a l s  lead ing to failur e . For 
mos t  thermoplastics  the use temperature is governed by the 
g l a s s  tran s i tion temperature ( Tg)  o f  the mate r ial . The Tg 
should be s igni ficantly higher ( 5 0 - 1 0 0 ° C )  than the intended 
use temperature i f  c reep i s  to be avoided .  Creep is the 
permanent flow- l ike de formation of the mate rial given 
temperatur e , time , and pres sure . It is a bas i c  l imitation 
inherent in thermoplastic s . Creep is directly related to 
the e l a s t ic ity o f  the re s i n , s o  a trade-off mus t  be made . 
Shock absorbency , or abi l i ty to r e s i s t  fracture , i s  direct­
ly re lated to creep . The more res i l ient , the more p l iable 
a mater i a l  i s , the more it  i s  l ikely to exhib it c reep . 
T he abi l i ty o f  a po lymer to re s is t  heat depends on 
both the c hemical s tructure and the phys ical nature of the 
mater ial . Some genera l i z at ions can be made with re spect to 
attainment of heat r e s i s tance in an organic po lyme r .  Only 
the s tronges t  chemical bonds s hould be used , s ince primary 
bond s trength contribut e s  more to the heat res is tance of a 
po lymer than any other s ingle factor . Re sonance stab i l i z a­
tion also contr ibutes s igni f icantly to this phenomenon , 
5 
thus most heat re s i s tant po lyme r s  c ontain aromatic ( aro-
matic and hetero-aromatic r ing s )  moieties in the ir backbone 
( 5 ) . Polar interactions such a s  d ipole /dipole or hydrogen 
bonding contr ibute to heat re s i s tance . Van de r Waal force s 
a l s o  p lay a role in determining the cohe s ive energy dens ity 
(a2) of a po lymer . The (a2) is defined as the amount of 
energy needed to vapo r i z e  ( overcome cohes ive forces between 
mol ecule s )  a certain volume of  the mater ial . The s e  Van der 
Waa l  forces inf luence the r igid i ty , solub i l i ty , and Tg o f  
the mater ial ( 1 ) . In  des ign ing the molecular s tructure for 
a heat re s i s tant po lymer , thermooxidative weak moieties 
such as alicyc l i c , unsaturated , and nonaromatic hydrocar-
bon s s hou ld be avo ided . The structure s hou ld not al low 
easy pathways for rearr angement or degradation , and the 
material s hou ld be photochemically and hydrolyt ically 
inert . 
Crystallinity (microcrys ta l l inity) , whic h  re sults 
from the regular packing of polymer chains , also provide s 
better heat r e s i st ance because the crystal l ine reg ions 
serve as cros s l inks for the amorphou s region s . These 
c ro s s l inks are lab i le at the me lting temperature , but they 
provide s t i f fne s s , toughnes s ,  and solvent resi s tance to the 
polyme r . On a macroscopic l evel the introduction of  
microcrysta l l ini ty c hange s a rubbery e la s tome r ic polymer 
into a tough flexible material ( 3 ) . 
Cros s l inking also improve s heat re s i s tance s ince 
chains cannot be broken by the rupture of a s ing le bond 
6 
alone . I t  a l so provide s for solvent r e s i s tance , high 
modulus , and res i s tance to creep . Other factors contr ibut­
ing to heat r e s i s tance are the mo lecular we ight ( molecular 
we ight d i s tr ibution ) and the pur ity of the material . Lower 
mo lecular we ight fractions tend to decrease the the rmal 
stab i l i  ty , Tg , and mechan ical s trength of the mate r ial . 
Trace metal impur ities can cataly z e  the degradation o f  the 
polyme r , e spec i a l ly at e l evated temperatures in the pres­
ence o f  oxygen . 
The therma l s tab i l i ty o f  a po lymer i s  only one o f  
several important propert i e s  wh ich contr ibute t o  i t s  use-
fulne s s .  The Tg , mechanical s trength , and ease o f  fabr i-
cation o f  the mate rial a l so contr ibutes s igni fi cantly . Two 
common methods for a s s e s s ing heat r e s i s tance are thermo­
gravimetric analy s i s  ( TGA) and i sothermogravimetric analy­
s i s  ( ITGA) . TGA mea sure s the we ight l o s s  o f  the polymer as 
a function of temperature and atmosphere . ITGA me asures 
the we ight loss at constant temperature as a function of  
time . Care mus t  be taken in eva luating the data from these 
measurements . TGA g ive s the temperature at which a certain 
we ight loss occur s , but it  give s no information concerning 
the mechanical behavior of the material . A polymer can 
undergo degradation with l o s s  of mechan ica l prope rtie s 
without exhib iting a s igni ficant we ight los s . In  some 
cases ( a lthough rar e )  we ight gain occur s . The atmosphere 
is a l so important s ince nearly all organic polymers degrade 
more readi ly in air ( oxygen)  than in nitrogen or argon . 
7 
The heating rate and s ampl e  form are a l so important and can 
have a marked e f fect on the results . ITGA i s  a l s o  sensi-
tive to the se variable s ,  s o  t he appropr iate precautions 
mus t  be taken when interpreting therma l data . 
The gla s s  trans i t ion temperature ( Tg )  i s  defined as 
the temperature at which a polymer begins to undergo 
tors iona l rotation about the polymer backbone bonds . There 
are several d i f ferent techniques for determing the Tg of a 
po lyme r such a s  d i f fe rential s c anning calor imetry ( DS C ) , 
tors ional braid analys i s  ( TBA) , and dynamic mec hanical 
ana lysis ( DMA) . DSC operates by separately heating a 
s tandard and a s ampl e  at the same rate . 
each i s  monitored by a heat sensor . 
The temperature of  
When the po lymer 
reache s  i t s  glas s trans ition temperature a d i f ference in 
heat absorpt ion i s  noted and the tran s i t ion temperature is  
detected . In  reality it  is  the change in electrical 
current whic h i s  detected . S ince e lectric current can be 
moni tored accurate ly , this provides a sen s i t ive measure of  
tran s i  tion temperature s .  I n  TBA an inert br aided g l a s s  
fiber i s  impregnated with a so lution o f  the po lymer and 
then dried to remove t he solvent . The f iber is suspended 
in a tor s ional pendu lum device and the period of the 
pendulum and its damp ing frequency are measured as a 
func tion o f  temperature . At the Tg a drastic loss in 
r igidity is  detected , accompanied by a sharp maximum in the 
damping curve . TBA provides a very sensitive measure of  
glass trans ition temperatures ( 1 ) . 
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I n  DMA the s ample i s  usually in the form o f  a f i lm or 
molding upon which the point of a we ighted needle is 
allowed to res t . As the sample i s  heated to its Tg the 
needle penetrates the material and the measurement record­
ed . S igni f icantly di f ferent results are often obta ined 
when us ing d i f ferent technique s for Tg determination . 
Polymer s  mus t  exhibit suffic ient mo lecular we ights to 
have use ful mechanical properties because to a certain 
l imit , the mechanical s trength of a po lymeric material is  
dependent on the mo lecular we ight d i s tr ibution . As s hown 
on the graph in Figure 1 the molecular we ight has to reach 
a certain minimum be fore optimum mechanical propert i e s  are 
real i z ed , above thi s minimum no drastic increase in the 
mechanical properties are note d .  Also the me lt viscos i ty 
o f  a polymer usually increase s with increas ing mo lecular 
we ight to a point . Due to these factor s the lowe st mo lecu­
lar we ight that exhibits opt imum mechanical properties is 
ide a l ly sought from a proc e s s ing s tandpoint ( i .  e .  lowe st 
me lt v i scos ity that exhibits optimum mechan ical proper­
tie s )  . 
The determination of  a polymer ' s  mechanical prope r­
ties i s  an important s creening tes t  when evaluating a 
material for potent ial app l ication s . The various spec imens 
( adhe s ive , film,  foam , compo s i te or molding ) are tested for 
mec hanical s trength , toughne s s , and r e s i s t ance of c rack 
propagation at var ious temperatures ( from c ryogenic to 
above 2 0 0 ° C ) . The best way to te st a mater ial for a 
t 
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MOLECULAR WEIGHT --. 
Figure 1 .  Dependence o f  mechanical propertie s on 
mo lecular weight ( 3 ) . 
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certain app l ication is  t o  prepare the component and te s t  i t  
a fter the appropr i ate exposure . The above me ntioned te sts 
and measurements are screening devices which help determine 
the pos s ib i l i ty of a new or modi fied mater ial be ing useful . 
Many other factors such a s  ease o f  proces s ing , cost , 
demand , and compet i t ion ultimate ly determine the materia l ' s  
marketab i l ity . 
Polyme r s  are c l a s s i fied accord ing to the type s o f  
reac t ions invo lved in t he i r  synthe s i s . The three main 
po lyme r i zation reactions are condensat ion , addition , and 
r ing opening po lyme r i z ations . S ince nearly all  thermal ly 
s table l inear po lymers are prepared by condens ation reac­
tions a mor e  thorough d i scus s ion is warranted . Condensa­
t ion react ions take p lace when two or more mo lecules react 
wi th each other with concurrent los s of some by-product 
such a s  water , a lcoho l , ammonia , etc . Condensation or 
s tep-growth polyme r iz ation reactions are used to prepare a 
wide variety o f  u s e fu l  polymers s uch a s  nylon , p o ly e s ter s ,  
and polyimide s .  The re are several features and require­
ments in s tep-growth polyme r i z ations that d i s t ingu i s h  it 
from othe r  types of  polymer i z ation reac tions . In  s tep­
growth polyme r i z ation react ions the molecular we ight of the 
polymer s l owly incre ase s unti l it reache s  a max imum . The 
length o f  the po lymer chain i s  determined by the local 
ava i l ab i l i  ty of the reactive groups at the ends o f  the 
growing c hains .  Thi s  e f fect was first descr ibed by 
Carothers ( 6 )  u s ing the equation DP = l/l-p , where DP is  
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the average degree o f  polyme r i zation and p i s  the degree 
( fract ion ) of reaction . To produce a po lymer of  high 
molecular weight the degree of reaction must be near ly 
quantitative (> 9 9 % ) . For the degree o f  reaction to be 
near ly quanti tat ive there mus t  be no inter fer ing s ide 
reactions between monomers , the monomer s  mus t  be ana­
lytically pure , and they mus t  be pre sent in equimolar 
amounts .  To demons trate the se requi rements for nove l 
systems or for nove l synthe s i s  usual ly requires model 
compound s tudie s . Prior to attempt ing po lymer synthe s i s  a 
series o f  mode l c ompounds are prepared from mono funct ional 
reactants of the type to be used in po lyme r i z ation . These 
model compound s tud i e s  have several purpo s e s , such a s  
determining the compl etene s s  o f  reaction , the be s t  reaction 
condi tions for po lyme r i z at ion , and aiding in spectral 
characte r i z ation . I f the reaction to be emp loyed is not 
near quant itative , a high molecular we ight polymer wi l l  not 
be obtained . Expe rimental factors such as we ighing and 
tran s ferring of we ighed material to reaction ve s s e l s  are 
important , because i f  the s toichiometry i s  upset by loss o f  
material ( sp i l lage ) , a high molecular polymer w i l l  not be 
obtained . In fact , o f f s etting the s to ichiometry of the 
reactants i s  a common technique uti l i z ed in c ontro ll ing the 
mo lecular we ight ( 3 )  o f  many commerc i a l ly ava i l ab l e  poly­
mers . The pur ity of the reactants is also of  utmost 
importance in obtaining a high molecular polyme r .  Tech­
nique s such as dif ferential therma l analy s i s  ( DTA) , thin 
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layer chromatography ( TLC ) , visual me lting points , and 
elemental analyses are commonly used to demonstrate the 
purity of s tarting material s .  
A more thorough discuss ion o f  the subj ects addres sed 
in thi s  introduction may be found in re ferences 1 - 5 . 
RESEARCH AIM 
A number of aromatic polypyrazoles with high therma l 
stab i l i  ty have been prepared by a variety o f  synthetic 
route s  ( 4 9 - 6 0 ) . It has been previous ly shown that the 
reaction of conjugated propynones ( a , a-acetyl enic ketones )  
with hydra z ines l eads to the formation o f  hetero-aromatic 
pyrazole r ing s in high yie ld and several reviews have been 
pub l i shed ( 3 9 - 4 1 ) . Ther e fore , it was postulated that the 
react ion of aromatic d ipropynone s and aromatic dihydraz ines 
( F igur e  2 )  would r eadily lead to 
mo l ecular we ight , thermally s tab le 
the formation o f  high 
polypyrazole s . Poly-
pyrazoles have not been prepared by thi s route , there fore 
thi s  synthe s i s  is nove l .  
In  an attempt to avo id s ome o f  the prob lems a s soci­
ated with the previous ly prepared polypyrazoles ( i . e . , 
insolub i l i  ty , intractab i li ty , and high Tg)  only dihydr a­
z ines with l inkage s between two pheny l r ing s that would 
impart flexibi l i ty or solub i l ity wi thout severe ly detract-
ing from the therma l stab i l i ty would be uti l i z ed . Also , 
dipropynone s with 1 , 3  o r  meta catenation would be used . 
S ince the se mater i a l s  are unsymmetr ical they would serve to 
impart solub i l i ty wi thout s ubstant ial l o s s  of heat r e s i s ­
tance . Another technique t o  impart solub i l ity t o  a l inear 
po lymer is  to s ubstitute bulky groups along the po lymer 
backbone. Thi s would be accomp l i shed by ut i l i z ing pheny l 
s ubstituted dipropynone s ,  leading to the formation of  
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Figure 2 .  Preparation o f  Polypyrazol e s . 
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pheny l substituted pyrazo1e rings a long the po lymer back­
bone . The dipropynone s used were two unsubstituted 
mo ietie s , 1 , 1 '- ( 1 , 3  and 1 ,  4-phenylene ) bis ( 2 -propyn- 1 -one ) , 
( 1 , 3  and 1 , 4 -PPO's ) and two phenyl s ubsti tuted dipropynones 
1 , 1 ' - ( 1 , 3  and 1 , 4 -phenylene ) b i s ( 3 -phenyl-2-propyn- 1 -one ) 
( 1 , 3  and 1 ,  4 -PPPO' s )  . The d ihydr a z ine s used were 4 , 4 ' ­
dihydr a z inod ipheny lmethane ( 4 , 4 ' -DHDPM) , 4 , 4 ' -dihydraz ino­
diphenyl ether ( 4 , 4'-DHDPE ) ,  and 4 , 4'-dihydra z inodiphenyl­
sul fone ( 4 , 4'-DHDPS ) .  
Prior to polymer synthes i s  the s tarting dipropynones 
and d ihydr a z ine s , some of which were new compounds , must be 
prepared ,  pur i f ied , and character i z ed . Also , a series of 
model compounds were prepared to serve as  a guide to 
po lymer synthe s i s  and spectral characteri z ation . Model 
b i spyraz o l e s  were prepared by two routes . The first 
i nvolve s reacti ng two mo les o f  phenylhydraz i ne with e ach o f  
the four dipropynones . The sec ond route invo lve s reacting 
two mo les of the propynone s ,  1 - phenyl- 2-propyn- 1 -one ( 5 5 )  
( PPO) and 1 ,  3-d ipheny l - 2 -propyn- 1 -one ( 5 4 )  ( BPA) both of 
which are known , with the three aromatic d ihydr a z i ne s .  The 
model compounds which were prepared have not been reported , 
however the spectral characteristics  o f  pyrazoles are we l l  
known ( 3 2- 3 4 ) . The po lymeri z ations were carried out under 
the appropr i ate conditions as  determined by the model 
reac tions . 
BACKGROUND 
The nuc leophi l i c  addi tion o f  pr imary aromatic amines 
to a , B-unsaturated acety lenic ketones ( propynone s )  has been 
we l l  e s t ab l i shed ( 7 - 1 1 ) . The reac tion occur s via Michael 
addi tion of the amine to the B c arbon o f  the conj ugated 
system to give enamine-ketone s wh ich exi s t  as the intra-
molecularly hydrogen bonded ! i s omer in the s o l id s tate 
( F i gure 3 ) . The quant i tative reaction occurs a lmos t  
exc lusively at the acetylenic bond , even in the presence o f  
exc e s s  amine ( 9 ) . The reaction h a s  recently been extended 
to prepare poly ( enamine-ketone s )  by the addition of pr imary 
aromat ic and a l iphatic diamine s to aromatic dipropynone s 
( 1 1 , 1 2 )  . Othe r nuc leoph i l e s  s uch a s  thi o l s  ( 1 3 )  react i n  
a n  analogou s manner . The reaction o f  thi o l s  and propynones 
has a l so been extended to prepare poly ( enone su l fide s )  by 
the add i t ion of a l iphatic and aromatic dith i o l s  to aromatic 
dipropynone s ( 1 2 , 1 4 ) . 
Even though hydr a z ine s are weaker bases than their 
corres ponding arnines by 1 to 3 powers o f  10  ( 1 5 ) , they show 
pronounced nuc leoph i l ic character toward sp and 
sp2 -hybr idized carbon s ite s and react with c arbonyl c om­
pounds more vigorous ly than amines ( 1 6 , 1 7 ) . The increased 
nuc leoph i l i c i ty shown by hydraz ine s has been attr ibuted to 
the a lpha e f fec t .  The alpha e f fec t i s  general ly obse rved 
when two atoms with unshared electron pairs are bonded 
together ( 1 8 , 1 9 ) . The rep lus ion between the two e lectron 
pa irs r a i s e s  the ground s tate energy thereby incre as ing 
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F igure 3 .  Mechani sm for the addition o f  ani l ine to 
1 , 3-dipheny l - 2 -propyn- 1 -one . 
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the nuc leoph i l i c i ty . In  the tran s i t ion s tate one o f  the 
atoms become s i nvolved in bond formation with an e lectro­
phi l i c  reagent the reby dec reas ing the repul s ion (2 0 ) . Many 
hydraz ines are known to be s ub j ect to therma l as  wel l  as 
photochemical oxidation (1 5 )  ( lo s s  of e lectrons ) .  I t  has 
been pos tulated that the repul s ion c aused by the two 
un shared e lectron pairs contr ibutes s igni ficantly to the 
relative e a s e  o f  oxidat ion o ften observed for these com­
pounds (1 5 ) . 
Interpretation o f  the e f fect o f  s tructure on the 
bas i c i ty o f  hydr a z ines i s  comp l i c ated by the fact that 
there are two b a s i c  s ites and they are not equival ent in 
mo st cases . Measured values , there fore , may not be confi­
dently attr ibutable to a spec i f ic nitrogen in the absence 
of other in formation . Methylhydraz ine give s r i s e  to 
sub stant i a l  concentrations of both i s ome r ic con j ugate ac ids 
in so lut ion '(2 1 ) , whereas phenylhydraz ine i s  protonated 
a lmo st exc lus ive ly at the least s ubsti tuted nitrogen (2 2 ) . 
The fac t that phenylhydra z ine i s  a much weaker base than 
methy lhydra z ine s uggests that e l ectronic e f fects are 
transmitted in part from one nitrogen to the other . 
S 'upport for thi s view i s  found in the e f fect o f  ring 
substi tuents on the bas icity o f  
N-phenyl-N-methy lhydraz ine ( 2 3 , 2 4 )  • 
phenylhydraz ine 
The e ffect 
and 
o f  
alkyl ation o n  the bas ic s trength o f  hydra z ine i s  c l early 
rel ated to s teric crowding and presumably is a cons equence 
of change s in solvation . The sharply reduced basic ity o f  
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2 , 4 , 6- tri- tert-butylphenylhydraz ine demonstrate s this 
e f f ect ; s imple steric inter ference with resonance between 
the r ing and the exocyc lic nitrogen would have an e f fect 
oppos ite to that observed here . The N-N bond d i s tance (2 5 )  
i n  both symmetr ical and unsymmetrical d imethylhydr a z i ne s , 
1 . 4 5 A ,  i s  s l ightly shorter than the average N-C bond 
distance . Thi s  imp l i e s  that hydraz ine� should be especial­
ly s ens i t ive to the e f fects of bulky s ubs t ituents . 
As previous ly s tated , hydraz ine s posse s s  two nuc leo­
phi l i c  n itrogen atoms whi ch c an di f fer in re lative reac tiv­
i ty or nuc leoph i l ic i ty depending on substituents or reac­
tion med i a . For example , in neutral or acidic medi a  the 
react ion o f  phenylhydrazine with (l, a-unsaturated ketone s , 
e s ters , ac ids , and nitriles occurs by initial add i tion of  
the l e a s t  s ub s t i tuted ni trogen o f  phenylhydra z ine to the a 
(acetylenic ) c arbon o f  the un s aturated system (2 6 - 31) . 
Cyc l i z ation to the pyrazole has been achieved by a variety 
of methods such as , therma l , c atalytic , and treatment with 
acetic anhydri de , acid or base . The initial addit ion 
reaction under bas ic cond it ions initially involves addi t ion 
of the more s ubstituted n itrogen (3 2 ) . In the case o f  
2 ,  4 -dini trophenylhydraz ine the l e a s t  s ub s t i tuted ni trogen 
is the more nuc leoph i l i c  one in e i ther b a s ic or acidic 
med i a  (3 2 ) . However ,  with conj ugated acetylenic ketones it 
ha s been reported that the react ion occurs at the c arbonyl 
group in acidic med i a  and at the acetylenic carbon in ba s ic 
med i a  (3 2 ) . 
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The reaction o f  propynone s (CJ., B- acetylenic ketone s )  
with hydraz ine and substituted hydraz ines i s  one o f  the 
standard methods for preparing pyra zole s . There are 
several rev iews on the sub j ect ( 3 2 - 3 4 )  and many examples 
are i n  the l iterature ( 2 6 - 3 1 , 3 5 - 4 1 ) . Al though there i s  no 
que s t i on that pyrazoles are the products o f  the se reac­
tions , the mechan i sm by which they are formed is somewhat 
controvers i a l . Four mechani sms have been pos tulated to 
account for the variou s  i s omeric pyrazoles obtained from 
the react ion o f  hydraz ines with propynone s ( 3 2 ) . The first 
two (F igure 
add i tion o f  
(acetyleni c )  
4 )  po s tulated mechanisms involve initial 
e i ther ni trogen of the hydraz ine to the B 
c arbon o f  the propynone system (Michael -type 
add ition ) . The uncyc li zed addi tion products obtained are 
re ferred to as enehydraz ino ketone s .  The second two 
pos tul ated mechani sms (F igure 5 )  invo lve initial add i tion 
of e i ther nitrogen of the hydraz ine to the carbonyl group 
o f  the propynone sys tem accompanied by loss o f  water . 
The se addi tion produc ts are re ferred to as  acety lenic 
hydra z one s . The cyc l i z at i on of either the enehydraz ino 
ketone or the acetylenic hydrazones is achieved by several 
d i f ferent means such a s  heating to drive o f f  water or 
treatment with acid or base , and in many c a s e s , the inter­
med i ate addi tion product c annot be i s o lated because cyc l i ­
z at ion i s  spontaneous ( 3 2 - 3 4 ) . The cyc li z ation o f  the 
enehydraz ino ketone s occur s by the intramo lecular addition 
of the remai ning unreacted ni trogen to the c arbonyl group 
R, H \ / 
C=C / \ HN �C-R2 \.. II �H 0 
R3 
l-H,Q 
F igure 4 .  
1 
R, H \ / 
C=C / \ 
R3"N �C-R2 'v· II N H2 0 
R, 
R,-OR, 
N 
Po s tul ated mechani sms involving initial 
Michael addition ( 3 2 ) . 
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F i gure 5 .  Postul ated mechani sms involving initial 
carbonyl addi tion ( 3 2) . 
2 2  
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wi th sub s equent l o s s  o f  water . The cyc l i z ation o f  the 
acetylenic hydra zones occurs by the intramolecular addit ion 
of the remai ning unreacted nitrogen to the acetylenic bond 
with no l o s s  of by-products . Gene r a l ly , the s e  cyc l i z ations 
proceed more read i ly when a f ive or six membered r ing may 
be formed . Determi nation of the me chanism i s  h indered by 
inherent factors .  Often the cyc l i z at ions are spontaneous , 
maki ng i solation o f  i n i t i a l  adduc ts impo s s ible . In  many 
cases , i s omer ic pyrazole products are obtained caus ing 
problems in structural de termination , and the cyc l i z ed 
product s  g ive no information about the initial  mode of  
addi tion . To compl icate matters further , in some cases , 
the same subs tituted pyraz o l e  product can be the result of 
e i ther of two postulated mechanisms . 
Li terature reports exi s t  which support each of  the 
four postulated mechani sms , however no set o f  guide lines 
have been e s tab l ished to rat iona l i z e  the dif ferent products 
obtained under d i f ferent react ion conditions . Several 
enehydr a z ino ketones ( 2 7- 3 2 ) , and no acetylenic hydrazones 
have been i s o l ated from the addi tion of hydraz ine s to 
propynones or propyna l s  ((1,13 -acetylenic a ldehydes ) .  The 
fact that s everal enehydra z ino ketones have been i s o l ated 
gives subs tanti a l  support to the Michael-type add i tion 
mechanism .  It s hould be empha s i z ed that the substituents 
on both the hydraz ines and propynones as  we l l  as the 
reaction med i a  c an have a dramatic e ffect on the mechanism 
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which predominates . A few general i z ations have been 
e stab l i shed wi th re spect to pre ferred reaction mode s under 
given conditions . For ary lhydraz ine s  under neutral or 
mi ldly acidic cond i t ions , the least substituted nitrogen is 
general l y  bel ieved to be the more nuc leoph i l ic one ( 3 2 ) . 
Several reports ( 2 6 - 3 2 )  have demons trated that aryl hydra­
z ine s add to the 8 carbon of a , 8-acetylenic ketones , 
cyanide s , and e sters with the least s ubstituted ni trogen o f  
the hydr a z ine moi ety . The se re searchers ( 2 7- 3 1 )  based 
the ir c onclus ions on the isolation of initial uncyc l i z ed 
enehydra z ino ketone s . The se compounds were characte r i z ed 
by I R ,  NMR , ultraviolet spectroscopy (UV )  and ma s s  spec­
trometry (MS ) . The enehydra z ino ketone s were cyc l i zed to 
the pyrazoles by re flux ing in acetic anhydride or in acidic 
med i a . One report ( 3 3 )  s tate s that the react ion o f  aryl-
hydrazines and propynone s occurs at the c arbonyl group and 
in some c a s e s  at both the c arbony l group and th e 8 carbon 
with the least substi tuted nitrogen atom of the hydraz ine 
( 3 3 ) . Thi s  conc lus ion was based on the s truc tural ass ign­
ment of the pyrazoles obtai ned because uncyc l i z ed acetyl-
enic hydraz one s could not be i sol ated . Another report ( 3 0 )  
postulates that low temperature favors initial addition to 
the c arbony l group ( Cl a i sen add ition)  whi l e  higher tempera­
ture favors M ichae l-type addit ion for a, 8- acety lenic 
cyanides and e s ters . Although mos t  synthe s e s  of the 
pyrazole r ing use hydraz ines and many pub l ications have 
been devoted to thi s method , it mus t  be acknowledged that 
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the me chanism o f  the reaction i s  s t i l l  on ly parti ally known 
and the s truc tural reasons that favor one or the other 
i s omer are not c le arly understood ( 3 2 ) . 
Po lypyrazoles have been prepared by a var iety o f  
synthetic route s ,  many o f  which involve the u s e  o f  dihydra­
z ine s or derivat ive s thereof . Kor shak and coworkers ( 4 2 )  
i n  1 9 6 4  prepared some polypyrazoles  by the react ion o f  
b i s ( B-d iketone s )  with dihydraz ides o f  dicarboxy l i c  acids or 
dihydr a z ines ( F igure 6 ) . The se po lymers had reduced 
viscosities of 0 . 0 7 to 0 . 1 5 and 0 . 0 8  to 0 . 2 5 ,  respective ly . 
The thermal stab i l i ty o f  the se po lymer sys tems varied 
depending upon the amount o f  aromatic character present in 
the polymer backbone . The aromatic po lypyrazoles showed 
softening points in the range o f  2 6 0- 3 0 0 o C . The se poly­
pyrazoles were whi te to l i ght ye l low powders of rather 
limited solub i l i ty . Some were only so luble in concentrated 
sul furic acid , whi le others were solub le in m-cresol and 
dimethyl formamide ( DMF) . Polypyrazoles with a free amino 
hydrogen were prepared by the reaction of b i s ( di a z o )  
compounds with p-diethynylbenz ene or diacetylene . The 
result ing po lyme rs were yel low powder s so luble in DMF and 
had reduced v i s cos i t i e s  as high as 0 . 3 1 . The softening 
points were in the range o f  3 7 5 - 5 0 0 o C ,  u sually with ac­
companying decompo s i tion . The se higher softening points 
c an be accounted for by hydrogen bonding between pyrazole 
rings . 
o 0 0 0 
I II II II II I 
.. R-C-CH2"C-R-C-CHCC-R • .. HzN HN-X-NHNHz 
CH-C-R-C -CH 
I II II II II (R-C'N/N ��T-R'l 
X =  
F igure 6 .  Preparation o f  Polypyrazoles by Kor shak 
and coworkers ( 4 2 ) . 
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Schae fer and Bertram (4 3 )  repor ted the preparation o f  
a polypyrazole b y  the reac tion o f  1 , 1 , 2 ,  2-tetraacy lethane 
with !!!-d ihydraz inobenzene (F igure 7 ) . The polyme r was a 
black i n fu s ible s o l id with a meta l l ic luster and was 
insoluble in sul fur ic ac id , DMF , DMSO , benz ene , aceto­
nitri le , methane sul fonic ac id , and many other common 
solvents but d i s solved to about 2 %  in formic acid . The 
po lymer had an inherent vi scos i ty o f  2 . 0  dL/ g  and showed no 
we ight l o s s  at temperature s up to 4 0 0 ° C  in ni trogen as  
me asured by thermogravimetric analy s i s  (TGA) . 
S t i l le and Bed ford ( 4 4 , 4 5 )  reported the reaction o f  
the 1 , 3 -dipo l e s  (p-phenylene - 3 , 3 ' -disydnone and N , N'-hexa­
methy lenedisydnone ) with the d ipo l aroph i l e s  m- and E­
diethyny lbenz ene and . E-benz oquinone to prepare polypyra­
z o l e s  (F igures 8 and 9 ) . The se polymers were only s l i ghtly 
soluble 
(DMAc ) , 
in po lar solvents such as  DMF , 
and hexamethy lphosphoramide 
dimethy lacetamide 
(HMPA) . Inhe rent 
v i s co s i t i e s  as high as  0 . 6 0 dL / g  were obtained i n  one case , 
but were gener a l ly be low 0 . 4 0  dL/ g .  TGA revealed breaks 
near 4 2 0 ° C  and 5 0 0 ° C  in air and ni trogen atmospheres , 
re spect ive ly . 
S t i l l e  and Harr i s  (4 6 , 4 7 )  reacted another type o f  
1 , 3-dipole , b i snitr i l imines , with!!! and E-d iethyny lbenzene 
to form polypyrazoles  (F igure 1 0 ) . The b i snitr i l imines 
were prepared by treating the b i s(ac id hydraz ide chlorides ) 
with base (triethy lamine ) .  The s e  po lypyrazoles were 
soluble in polar s o lvents such as HMP A ,  DMAc , and formic 
• 
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II II 
R-C C-R 
� 'cH-C� / " R-C C-R 
II  I I  
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F igure 7 .  Preparation o f  Polypyrazoles by Schaefer 
and Be rtram ( 4 3 ) . 
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OC-CH CH-CO 
"" HC=C- R -C=CH + I + \ I + "" - N- X - N - I 
x = -(C H2J;- I -@-
R= 1Qr ' -@-
O-N/ 'N-O 
F igure 8 .  Preparat ion o f  Po lypyrazoles by Sti l le 
and coworkers ( 4 4 , 4 5 ) . 
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H OC-� /C-CO ft. I � N-R-N � I O-� 'N-O 
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F igure 9 .  Preparation o f  Polypyrazoles by Sti lle 
and coworke rs ( 4 4 , 4 5 ) . 
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CI CI @-NH-N=t-Ar-t=N-NH-@ 
!NEt3 -HCI 
HC=C-R-C=CH 
Ar= -@- ,1Qr, -@-o-@-
R= -@-,1Qr 
F igure 1 0 . Preparation o f  Polypyrazoles by Sti l le 
and coworkers ( 4 6 , 4 7 ) . 
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acid . The inherent visco s ities ranged from 0 . 1 0 to 0 .3 2  
dL / g. TGA showed breaks near 5 0 0 °C i n  both air and nitro­
gen . 
S t i l le and Gotter (4 8 )  a l so prepared polypyra zoles 
from a s imilar route by reacting b i s tetrazoles with £- and 
�-diethyny lbenz ene (F i gure 1 1 ) . The b i stetra zoles e l i-
minate nitrogen upon heating to generate the b i s ni tr i l imine 
dipole . I n  thi s  c a s e , high mo lecular weight polypyrazoles 
were formed with an i ntrins ic vi scos ity of 1 . 6 7 .  The se 
po lyme rs were soluble in chlorobenzene , 1 , 2 ,  4 -tr ichloro­
benz ene , and formic ac id . TGA showed breaks ne ar 5 0 0 °C in 
both a i r  and ni trogen . 
Bracke (4 9 )  has reported the condens ation reaction o f  
poly (d iethynylbenzene)  with hydra z ine o r  methy lhydraz ine to 
produce po lypyrazoles with a free amino hydrogen (F igure 
1 2 ) . Thi s  polypyrazole is a wh i te f ibrous material solub le 
in pyridine , DMF , DMSO , HMPA , and formic acid . The po lymer 
begins to decompo se in a i r  or ni trogen at 4 5 0 °C as measured 
by TGA . Hydrogen bonding a s sociat ion between the pyrazole 
r ing s produc ed h igh interchain cohes ion and f i lms cast from 
DMF had ten s i le s trength s o f  2 0 , 0 0 0  ps i .  A ge l-permeation 
chromatogram o f  a po lymer s ample with an inherent viscos ity 
of 1 . 9  dL / g  had a retention t ime corre sponding to the 
retention time o f  a po lystyrene s tandard with a molecular 
we ight o f  1 0 6 g/mole . Thi s unsubstituted po lypyrazole can 
undergo s ubstitution reactions with acyl halide s , sulfonyl 
chloride or an i s ocyanate to replace the amino hydrogen . 
(QrN-N=C-Ar-C=N-N-@ 
}te=C-R-CSCH 
@ @ N-N N-N t-I �-Ar-� I -t 
C=C/ 'C=C-R H H 
Ar= -@-. 1Qr 
R= -@-. 1Qr 
F igure 1 1 . P reparation o f  Po lypyraz ol e s  by Sti lle 
and coworker s  ( 4 8 ) . 
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F igure 1 2 . Preparation o f  Polypyrazoles by Bracke ( 4 9 ) . 
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Thes e  substitutions , however ,  detract from the thermal 
stab i l i ty o f  the polymer with the un substituted being the 
mos t  therma lly s table followed by the benzoyl , sul fony l ,  
and finally the N-c arbamoy l der ivative . F i lms cast from 
DMF o f  thes e  N-sub s t i  tuted polypyrazoles have much lower 
ten s i le s trengths , ( 9 5 0 0  p s i ) , pre sumably due to the 
absence o f  interchai n  hydrogen bonding . Poly-N-methy lpyra­
zole , obtained from poly ( diethynylbenzene ) and anhydrous 
methylhydraz ine , had about the s ame therma l s tabi l i ty under 
ni trogen as the un sub s t i  tuted polypyrazole , however ,  
thermooxidative stab i l i ty was much poorer . Th i s  lower 
therma l stab i l ity was explained by the presence o f  two 
electron-releas ing a lkyl groups on the pyrazole nuc leus . 
Neuse ( 5 0 )  prepared s ome metal locene po lypyrazoles by 
the l ow temperature condensat ion o f  1 ,  I' -b i s  ( diketo ) 
ferrocenes with aromatic d ihydraz ines ( F igure 1 3 ) . The 
polyme r s  had i nherent viscosities  from 0 . 1 5 to 0 . 4 0 dL / g  
and were s o luble i n  DMF , sul fur ic acid , and formic acid . 
TGA showed inc ipient we ight loss near 4 0 0 °C .  Res idual 
we ights at 6 0 0  and 8 0 0 °C were 7 5 - 8 0 %  and 6 5- 7 5 % ,  respect­
ively . 
Ima i and c oworkers ( 5 1 )  prepared polypyrazoles by the 
conde n s at ion react ion o f  b i s ( B-d iketone s )  and aromatic 
d ihydraz ines ( F igure 1 4 ) .  The 
v i s cos ities that ranged from 0 . 1  
polyme r s  
to 0 . 9 8 
had 
dL / g  
inherent 
and were 
soluble in DMSO , !!l-cresol , DMAc , HMP A ,  and N-methy lpyr-
rol idone ( NMP ) . For mos t  o f  the po lymers decompos i t ion 
o 0 0 0 II II-@- -(Jrll II 
� R-C-CH-C ,- Fe ' \ C-CHz-C-R 2 I I I '- '-' 
¥)� ��,-± ,-, C N N C ', ,' \\ I I II C-N-Ar-N-C � H H 
Fe 
�' , , '-' 
R = H, CH3 , (0) 
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F i gure 13. Preparation o f  Polypyrazoles  by Neuse ( 5 0 ) . 
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+ n CH-CH 
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1
00 
-4nHzO 
R= CH3, (0) 
X= -@-cHr@- ,-@-sor@-
F i gure 1 4 . Preparation of  Polypyrazoles by Imai 
and coworkers ( 5 1 ) . 
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began near 3 0 0 ° C  i n  a i r  and 4 0 0 ° C  i n  nitrogen a s  indicated 
by TGA . 
Ueda and coworkers ( 5 2 )  reacted aromatic dihydraz ines 
with bi s- enone s subs tituted at the 8 pos ition with good 
leaving groups to form polypyrazoles ( F igure 1 5 ) . The se 
polymer s  had inhe rent v i s cos ities that ranged from 0 . 1 7 to 
0 . 3 5  dL / g and were solub le in NMP , DMSO , !!!-creso l , and 
sul fur ic a c id . TGA showed a 1 0 %  we ight l o s s  near 5 0 0 ° C  in 
both a i r  and ni trogen . 
G i l l i ams and Smets ( 5 3 )  prepared polypyrazoles by the 
react ion o f  b i s ( di azo ) 
benzene ( F igure 1 6 ) . 
had softening points 
compounds with £- and !!!-diethynyl­
The polymer s  were soluble in DMF and 
above 3 0 0 ° C .  No other therma l or 
mechanical data was reported . 
A number o f  aromatic polypyrazoles have been prepared 
by a variety of routes . Some of the polypyrazoles were 
relat ively insoluble , intractable , and of  low mo lecular 
we i ght . However , others showed good solubi l ity , tracta-
b i l i ty , high molecular we ight , and mechanical s trength . 
Nearly a l l  the aromatic polypyrazoles exhibi ted good 
thermal stab i l i ty as mea sured by TGA . The attr ibute s 
mentioned above make the se materials  good candidates for 
use as h igh per formance / h igh temperature res ins . 
o 0 
II II 
nX-CH=CH-C-R-C-CH=CH-X 
-2nHp 
j-lnHX 
H H fHC=c, /C::::CH I C-R- \ N /j C� N-Ar1 'N N/ n 
R =  -@-' tQJ 
F i gure 1 5 . P reparation of  Po lypyrazoles by Ueda 
and coworkers ( 5 2 ) . 
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HCEC-R'-CECH 
- + + -
+ N=N-CH-R-CH-N=N 
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tR-C-C-R �C- C� 
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N CH HC N \N' ' N/ 
H H 
R' = -@-. -
R = - (CHz);-- , -@-
F igure 16 . Preparation o f  Polypyraz o l e s  by G i l l iam 
and Smets ( 5 3 ) . 
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RESULTS AND DI SCUSSION 
Propynone s and Dipropynone s 
The phenyl substituted mono and dipropynone s were 
prepared by the addition of l ithium phenylacetyl ide to 
benz aldehyde , i sophtha laldehyde or terephtha laldehyde in 
dry tetrahydro furan ( THF ) followed by ox idation of the 
alcoho l to the ketone us ing Jone s reagent ( F igure 1 7 ) . 
Thes e  react i ons proceeded smoothly in 5 0- 6 0 %  overall yield 
to g ive 1 , 3 -diphenyl - 2 -propyn- 1-one ( BPA) , 1 , 1 ' - ( 1 , 3 -
phenylene ) bis ( 3 -pheny l-2 -propyn- 1 -one ) ( 1 ,  3 -PPPO) , and 
1 , 1 ' - ( 1 , 4 -phenylene ) bis ( 3 -pheny l - 2-propyn- 1 -one ) ( 1 , 4 -
PPPO ) , respective ly . The preparation o f  BPA ( 5 4 )  and 
1 , 4 -PPPO ( 3 1 )  has been reported , but low yields were 
obta ined . The use o f  l i thium phenylacety lide , generated 
from n-butyl l ith ium and phenylacetylene , served to improve 
the overall yields o f  the se compounds . The IR spectra of  
the se compounds ( B PA ,  1 , 4 -PPPO , and 1 , 3-PPPO ) showed 
absorptions characte r i stic o f  ( -C::C- ) near 2 2 1 0  - 1  cm and 
( -C=O ) near 1 6 4 0  - 1  cm S ince the se compounds contained 
only aromatic protons , the 
multiplet from 0 7 . 2  to 9 . 1 .  
1 H NMR s pectra showed only a 
1 3  The C NMR spectra exhibited 
resonanc es character i s t i c  of ( C=O ) near 1 7 7  ppm , ( C::�-C=O ) 
near 9 2  ppm , and ( -�::C-C=O ) near 8 7  ppm . 
The un sub s t i tuted mono and d ipropynone s were prepared 
by a s l ightly d i f fe rent synthetic route . The unsubsti tuted 
mono propynone , 1 -pheny l - 2 -propyn- 1 -one ( 5 5 )  ( PPO ) was pre-
4 1  
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F igure 1 7 .  Preparati on o f  phenyl substituted 
dipropynone s .  
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pared i n  8 2 %  y ield by the ox idation o f  the commercially 
avai lable alcoho l us ing Jone s reagent . The unsubst ituted 
dipropynones , 1 , l ' - ( 1 , 4 -pheny lene ) b is ( 2-propyn- 1 -one ) 
( 1 , 4 -PPO) , and 1 , 1 ' - ( 1 , 3-pheny lene ) bis ( 2 -propyn- 1-one )  
( 1 , 3 -PPO ) were prepared by the add i ti on o f  ethynylmagne s iurn 
bromide to terephthalaldehyde ( 5 6 )  and isophthalaldehyde , 
re spec t ively ( F igure 1 8 ) . The acetylenic a lcohol was 
oxidi z ed using Jones reagent at 0 - 1 0 ° C . The yields o f  
the se two compounds ra,nged from 3 0 - 4 0 %  overal l .  The IR 
spectra showed ab sorptions character i s t ic o f  ( C= C-H)  at 
3 2 2 5  - 1  cm ( C= C )  near 2 1 0 0  - 1  cm , and ( C=O ) at 16 4 0 cm - 1  . 
Both 1 , 4-PPO and 1 , 3 -PPO d i scolored s l ightly on exposure to 
air . H igh pres sure liquid chromatograph ic ( HPLC ) analyses 
of  fre shly recrysta l l i z ed and disc o lored c ompounds showed 
no change in the chromatograms . E l emental analyses o f  
rre shly recrysta l l i z ed and di sco lored compounds were wi thin 
± 0 . 3 %  of theoretical value s . Also , care had to be taken 
when r ecrysta l l i z ing the 1 , 4 -PPO . I f  the temperature was 
allowed to increase above 6 0 - 7 5 ° C  it would react forming a 
po lymeric materi a l . When subj ected to d i f fe rent ial thermal 
analys i s  ( DTA ) 1 , 4 -PPO showed an intense exotherm j us t  upon 
me lting indicating that a reaction or violent decompos i t ion 
was occurr ing . The 1 , 3 -PPO did not exhibit th is phenomenon 
upon me lting . 
Two al ternative synthetic routes to the unsubsti tuted 
dipropynone s were attempted but poor results were obtained . 
The f i r s t  i nvolved the addi tion o f  commercially avai lable 
° O-©- I l I I C-H H-C 
HO-©-?H I C-C:C-H H-C:C-C I 
� H 
° O@ I I I I C-C:C-H H-C:C-C 
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Figure 1 8 . Preparation of  unsubstituted dipropynone s .  
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sodium acetylide to terephtha la ldehyde in dry THF . After 
hydro lys i s  and work up , the IR spectrum of  the product 
obtained showed that no re action had occurred ( no C =C-H or 
C =C band s were present but CHO and COOH ab sorpt ions were 
evident ) . The second attempt i nvolved the addition o f  
commerc i a l ly ava i l able l i th ium acety l ide-ethylenediamine 
comp lex to terephthaloyl dichloride first and then to 
terephthalaldehyde . In  each case a po lyme r i c  produc t was 
obtained . The preparation o f  1 , 3 -PPO and 1 , 4 -PPO from 
lithium acetyl ide and the appropriate dia ldehyde has 
recently been reported ( 1 2 ) . 
Dihydrazines 
The aromatic dihydraz ines used i n  thi s study were 
4 , 4 ' -dihydraz inodiphenyl ether ( 4 , 4 ' -DHDPE ) , 4 , 4 ' -dihydra­
z inodiphenylmethane ( 4 , 4 ' -DHDPM ) , 3 , 3 ' -dihydraz inodiphenyl­
me thane ( 3 , 3 ' -DHDPM ) , and 4 , 4 ' -dihydraz inodiphenylsul fone 
( 4 , 4 '  -DHDPS ) . 
All  o f  the aromatic d ihydraz ines contain a bridging 
or connecting group between two phenylene r ing s to impart 
solub i l i ty and low me lt v i scos i ty into the polypyrazoles 
prepared from them . The dihydraz ines were prepared by two 
synthetic route s depending upon the nature o f  the connect­
ing group . I n  the case where electron donating groups ( 0 ,  
CH2 ) were present , the d ihydra z ine was prepared by diazo­
t i z ing the appropri ate d i amine with sodium n itrite in HCI 
at � O C .  The diazonium chloride was reduced to the dihydra-
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z ine d ihydrochloride with s tannous chloride dihydrate in 
concentrated HC I .  The se compound s were obta ined in 3 0 - 4 0 %  
ove r a l l  yie l d .  The se three d ihydraz ines were pur i fied , 
s tored , and analyzed a s  the ir dihydrochlor ide salts due to 
the instabil ity o f  the free bases in a i r . The free di-
hydraz ines d i scolored fairly r ap idly in air , changing from 
white or pale yel low to dark orange within several hour s ,  
progre s s ive ly becoming darke r . When sub j ected to HPLC 
analyse s , more than one peak was obtained for the dark 
discolored d ihydraz ine whi l e  only one peak was evident for 
the pure l i ght yel low d ihydraz ine . Of  the three dihydra-
z ine s prepared by this route only one had been previously 
reported ( 5 7 )  and there was good agreement with the re-
ported me l t ing po int . The two new dihydra z ines were 
1 further characte r i zed by I R  spectroscopy and H NMR spec-
tro scopy as we l l  as  e l emental analy s i s . The IR spectra o f  
the free b a s e s  showed a fairly s trong I broad doublet at 
- 3 3 5 0 and 3 2 1 0  cm- 1  ( N- H  s tretch ) . The 1 H NMR spec tra of 
the d ihydrochlor1de s in DMSO-d6 showed a broad s inglet at 0 
8 . 5  ( 6 H ,  protonated amine protons ) ,  a very broad s inglet at 
o 7 . 1  ( 2 H ,  secondary amine proton ) , and a multiplet at 0 6 . 4  
to 6 . 9  ( 8H ,  aromatic protons ) .  The dihydraz ine dihydro-
chlor ides containing a methy lene group exhibited a s inglet at 
o 3 . 7  ( 2H ,  methylene protons ) .  The compounds gave satis-
factory e l emental analyses as  the dihydrochloride s a l t s . 
The se three d ihydraz ine dihydrochlorides cou ld be 
used with the phenyl s ubstituted mono and d ipropynones 
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s ince the d ipropynone s d idn ' t  react with the base ( tri-
ethylamine ) used to free the dihydraz ine d ihydrochlor ide . 
The dihydraz ine dihydroch lorides , due to the ir hygroscopic 
nature had to be dried in vacuo prior to use . In the case 
o f  the unsubstituted mono and dipropynone s  the pre s ence o f  
any ba se , even a terti ary amine such as  triethylamine , 
initiated an exothermic reaction resulting in a dark tarry 
mater i a l . There fore , the dihydraz ine dihydrochloride s 
could not be used d irectly s ince any base used to generate 
the dihydra z ine in s i tu would a l s o  react with the unsubst1-
tuted dipropynone i thus the d ihydraz ines were generated and 
recrys t a l l i zed j us t  prior to use . 
In  the case where the connecting group was e l ectron 
wi thdr awing ( -SO - )  2 a d i f ferent synthetic route to the 
d ihydra z ine was employed . Th i s  route involved a nuc leo-
phi l ic sub s t i tution react ion o f  the activated ha l ide 
( 4 , 4 ' -dichlorodi phenyl sul fone ) with hydra zine hydrate to 
lead to the dihydra z ine in - 7 5 %  overa l l  yield ( 5 8 ) . This  
part icular d ihydra z ine , due to the strong e l ectron wi th­
drawing nature o f  the sul fone group , was the least reactive 
of the d ihydr a z ines prepare d .  Also , i t  wa s suffic iently 
s tabl e  in air to be s tored and ut i l i zed as  the free base 
( hydr a z ine form) . The analogous reaction with 4 , 4 ' -
dichlorobenzophenone and hydraz ine hydrate was attempted , 
however the IR spectrum o f  the product showed no absorption 
characte r i s t ic of the carbony l group ( C=O ) , indic at ing that 
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addi tion o f  the hydraz ine t o  the carbonyl group had oc­
curred . 
Model Compounds 
Prior to polymer synthe s i s  a series o f  model com­
pounds were prepared to serve as a guide to po lymer 
synthes i s  and to aid in characte r i z at ion . The feas ibi l i ty 
o f  the react ion o f  aromatic dipropynone s with aromatic 
dihydraz ine s as  a fac i l e  route to polypyrazoles was suc­
ce s s fu l ly demons trated by the near quanti tat ive synthe s i s  
o f  a s e r i e s  o f  b i s pyrazoles (mode l  compounds )  i n  relatively 
pure form . Model compounds were prepared by the addition 
o f  two mo l e s  o f  phenylhydraz ine to one mol e  o f  a dipropy­
none ( T able 1 ) . They were a l so prepared by the addit ion o f  
one mole o f  a dihydraz ine t o  two moles o f  a mono propynone 
( Table 2 ) . The react ion condit ions varied depending on the 
type o f  dipropynone and the form o f  the dihydraz ine used . 
In  a l l  c a s e s  the reactions were per formed in re flux ing 
ethano l under ni trogen . When unsubsti tuted mono or di­
propynone s were used , a catalytic amount o f  sul furic ac id 
was requ ired to help keep the mate rial in solution and 
e f fect cyc l i z at ion . I f  sul furic acid was not present , the 
product wou ld precipitate rapidly , presumably as a mixture 
of uncyc l i z ed and cyc l i z ed products . In mode l reactions 
where BPA was used , the dihydrochloride salts of the 4 , 4 ' ­
dihydra z i nodiphenyl ether ( 4 , 4 ' -DHDPE ) , 3 , 3 ' -dihydraz ino­
dipheny lmethane ( 3 ,  3 ' -DHDPM) , and 4 , 4 ' -dihydraz inodiphenyl-
TABLE 1 
ELEMENTAL ANALYSES OF MODEL COMPOUNDS FROM D I PROPYNONES 
Compound I s omer R 
M 4  1 , 4  P h  
M 5  1 , 3  Ph 
M8 1 , 4  H 
M9 1 , 3  H 
R� 11-'NJ. l8J � N - �� R 
© © 
Mel ting 
Point , D C 
2 4 6 . 5 - 2 4 7 . 5  
2 3 7 - 2 3 8  
2 4 1 . 5- 2 4 3  
1 5 3 - 1 5 4 . 5  
aTheoretic a l  values in p arenthe s e s  
E l ementa l Analysis a ( % )  
C H N 
8 3 . 9 3 5 . 1 3 1 0 . 8 5 
( 8 4 . 0 2 )  ( 5 . 0 9 )  ( 1 0 . 8 9 )  
8 3 . 9 0 5 . 1 2  1 0 . 8 7 
( 8 4 . 0 2 )  ( 5 . 0 9 )  ( 1 0 . 8 9 )  
7 9 . 4 8  5 . 0 3 1 5 . 3 9 
( 7 9 . 5 3 )  ( 5 . 0 0 )  ( 1 5 . 4 6 )  
7 9 . 5 1 5 . 0 7 1 5 . 4 2 
( 7 9 . 5 3 )  ( 5 . 0 0 )  ( 1 5 . 4 6 )  
"" 
\D 
Compound 
Ml 
M2 
M3 
M6 
M7 
TABLE 2 
ELEMENTAL ANALYSES OF MODEL COMPOUNDS F ROM DI HYDRAZ INES 
R 
P h  
P h  
P h  
H 
H 
�r@-x�� R R 
x 
0 
CH2 
3 , 3 ' -CH2 
0 
CH 2 
M e l t i n g  
P01nt , ° c  
1 4 9 . 5 - 1 5 1  
1 4 1 . 5 - 1 4 3  
1 4 5 - 1 4  7 
1 9 8 - 2 0 0  
2 1 7 . 5 - 2 1 9  
Elemental Analys i sa ( % )  
C H N 
8 2 . 8 8 5 . 1 1 9 . 2 2 
( 8 3 . 1 4 )  ( 4 . 9 8 ) ( 9 . 2 3 )  
8 5 . 2 9 5 . 4 0 9 . 1 4 
( 8 5 . 4 0 )  ( 5 . 3 3 )  ( 9 . 2 6 )  
8 5 . 2 5 5 . 3 5 9 . 2 3 
( 8 5 . 4 0 )  ( 5 . 3 3 )  ( 9 . 2 6 )  
7 9 . 3 7 4 . 9 1 1 2 . 2 7 
( 7 9 . 2 7 )  ( 4 . 8 8 )  ( 1 2 . 3 2 )  
8 2 . 2 4 5 . 3 5 1 2 . 3 5 
( 8 2 . 2 7 )  ( 5 . 3 4 )  ( 1 2 . 3 8 )  
aTheoretical values i n  parenthe s e s  
U1 
0 
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methane ( 4 , 4 '  -DHDPM ) were uti l i z ed with triethy lamine to 
generate the free dihydra z ine in s i tu .  The reaction gave 
s l i ghtly higher y ields when the dihydr az ine was generated 
in s i tu as opposed to us ing the free base generated prior 
to reaction . Al though the react ions were generally run for 
2 4  hr , it  appeared that they were complete within 8 - 1 2  hr 
for the phenyl sub s t i tuted propynone s and within 2-6 hr for 
the unsub s t ituted propynones based on thin layer chromato­
graphic and infrared analyse s .  
The I R  s pectra o f  the bi spyrazole model compounds 
showed absorptions in 
Ar- H )  and at 1 5 9 0 - 1 6 0 0  
the 
- 1  cm 
aromatic reg ion 3 0 5 0  - 1  cm 
( C=N and C=C r ing s tretche s ) . 
H I NMR spectra o f  the mode l compounds in CDC 1 3 showed a 
multiplet from 0 6 . 8  to 7 . 9  corre sponding to aromatic 
hydrogens . The model compounds from 3 , 3  ' -DHDPM or 4 , 4 ' -
DHDPM exh ibited a resonance at 0 3 . 9 8 corresponding to the 
methy lene proton s . 1 3C NMR spec tra o f  the model compounds 
showed a resonance near 1 0 5  ppm corresponding to carbon- 4 
o f  the pyra z o le r ing sys tem ( 5 9 ) . In  the s ingle frequency 
o f f  re sonance decoupled spectrum , ( SFORD ) this resonance is 
spl it into a doublet indicating that carbon- 4 has one 
hydrogen bonded to it . The mode l compounds from 3 , 3 ' -DHDPM 
and 4 , 4 ' -DHDPM showed an absorption at 4 0 . 9  ppm correspond­
ing to the methylene c arbon . Thi s re sonance was spl i t  into 
a triplet in the SFORD spectrum , indicating that the 
methylene c arbon ha s two hydrogens bonded to it . 
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Polyphenylpyrazole s 
The polypheny lpyrazoles were prepared by react ing 
stoi chiome tric amounts o f  an aromatic phenylated dipropy­
none ( 1 , 4  and 1 , 3 -PPPO ) and an aromatic dihydraz ine in 
�-cresol at 7 5 - 1 2 0 o C for 24 to 7 2  hr at a concentration o f  
1 5- 2 0 %  ( w / w )  under a nitrogen atmosphere ( T able 3 ) . The 
dihydrochlor ide salts of 4 , 4 '  -DHDPE and 4 , 4 '  -DHDPM were 
used in the se reactions and triethy l amine was used to 
gene rate the dihydraz ine in s itu . Polymers with s l ightly 
higher inherent viscos ities were obtained when the dihydro ­
chloride s a l t  o f  those two dihydraz ines were used as 
opposed to when the dihydraz ine free base was used . In 
these polymeriz ations the free base of the 4 , 4 ' -DHDPS was 
used whi l e  the dihydrochloride salts of 4 , 4 ' -DHDPE and 
4 , 4 ' -DHDPM were uti l i z ed . The yie lds o f  the polymers 
ranged from 93 to 9 9 % . 
All o f  the po lyphenylpyrazole s were soluble in 
ch loroform . I nherent viscos ities were obtained on 0 . 5 % 
solutions o f  the po lymer s  in chloro form at 2 5 ° C ,  they 
ranged from 0 . 1 3 to 0 . 3 3 dL / g  ( Tab le 4 ) . The se numbers do 
not relate d irectly to the mo lecular we ight o f  the polymers 
but they indicate low mol ecular we ight . Numerous reaction 
condi tions were investigated a s  a me ans to increase the 
mo lecul ar we ight o f  the polyphenylpyrazoles . They inc luded 
the use o f  various s olvents such a s , N , N ' -dimethylace tamide 
( DMAc ) , hexamethy lphosphoramide ( HMPA ) , N-methylpyrroli­
dione ( NMP ) , �-cresol , and polyphosphor ic acid , as  well as 
P o l yme r 
P l  
P 2  
P 3  
P 4  
P 5  
P 6  
P 7  
P 8  
P 9  
P 1 0  
P l l  
P 1 2  
TABLE 3 
REACTION CONDITIONS FOR POLY PYRAZ OLES 
I s omer 
1 , 4  
1 , 3  
1 , 4  
1 , 3  
1 , 4  
1 , 3  
1 , 4  
1 , 3  
1 , 4  
1 , 3  
1 , 4  
1 , 3  
I ,J@-x-@-t:p R R 
Re action 
X R Temp . , ° C  
° P h  7 5  
° Ph 7 5  
C H 2 Ph 8 5  
CH 2 P h  8 5  
S0 2 Ph 1 2 0 
S0 2 P h  1 2 0  
° H 0 - 8 0  
° H 0 - 8 0  
C H 2 H 0 - 8 5  
C H 2 H 0 - 8 5  
S 02 H 0 - 8 5  
S02 H 0 - 8 5  
5 3  
React ion 
T ime , h r  
2 4 
2 4 
4 8  
4 8  
7 2  
7 2  
2 
4 
4 
4 
1 2 
1 2  
* a l l  react ions carried out in m-c r e s o l  under ni t rogen 
TABLE 4 
CHARACTERI ZATION OF PHENYLATED POLYPYRAZOLES 
I i �-@-X-@-� i I 
...-'/N N", 
Polymer I s omer X a n inh ' d L / g  Tg , O C ( D S C )
b 
P I  1 , 4  0 0 . 3 3 2 5 9  
P 2  1 , 3  0 0 . 3 1 2 3 2  
P 3  1 , 4  CH 2 0 . 2 0 2 5 2  
P 4  1 , 3  CH 2 0 . 2 3 2 2 5  
P 5  1 , 4  50 2 0 . 1 5 
P 6  1 , 3  5 02 0 . 1 3 
* P l  1 , 4  0 0 . 4 0 2 6 1  
*Fract ionated sample �I nherent vi scos i ty obta ined in CHC 1 3 at 0 . 5 % concentrat i on at 2 5 ° C  Heati ng rate o f  2 0 ° C /min C Heat i ng rate of 2 . 5 ° C /min 
Temperature of 1 0 %  
we ight l o s sc 
Air N i trogen 
4 5 3 4 7 0  
5 0 0  5 0 5  
4 0 0  4 8 0  
4 5 4  4 8 0  
4 9 0  5 1 2  
lJ1 
"'" 
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variations i n  temperature . It  was determined by the 
inherent viscosity o f  the po lymer obtained that m-c resol 
and the lowe s t  pos s ible reaction temperature were the 
condition s  o f  choice . The temperature was important 
because some hydraz ines are known ( 1 5 )  to be subj ect to 
oxidation and therma l decompos ition . 
The polyphenylpyrazoles could be fractionated by 
us ing solvent non- solvent techn ique s to provide s amples 
with inc reased inherent viscos ities . For example , 1 . 0  g of 
polyphenylpyrazole P I  ( n inh = 0 . 3 3 dL / g )  was d i s so lved in 
�-cresol ( 5  mL ) , and toluene ( 5  mL ) was added , acetone was 
added dropwi se unti l the so lution became c loudy . The 
turbid solution was al lowed to stand for 2 4  hr and the 
so lution was decanted leaving a gummy prec ipi tate . The 
tacky po lymer was washed with methano l ,  filtered , and dried 
at 1 0 0 ° C  to yield 0 . 3 3 g ( 3 3 %  recovery ) . The n ·  h o f  this  l.n 
fraction , obtained at 2 5 ° C  in chloroform ,  was 0 . 4 1 dL/ g .  
I n  one case , a fraction with a n  inherent viscos ity a s  high 
as 0 . 5 6 dL/ g was obtained . The polyphenylpyrazol e s  with 
inherent viscosities greater than 0 . 4 0 dL / g  formed finger-
nai l creaseab l e  fi lms . The yellow flexible f i lms were cast 
from chloro form at a concentration o f  - 1 5 % (w/w) . The 
polypheny lpyrazoles with inherent viscos ities l e s s  than 
0 . 4 0 dL / g  formed brittle f i lms that cracked when c reased . 
The mo lecul ar we ight o f  the polypheny lpyrazoles was l imit-
ed , which a f fected the mechanical properties as evidenced 
by the low viscos i ty polymers forming brittle f i lms whi l e  
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the h i gher viscos ity fract ionated s ampl e s  formed flex ible 
fi lms . 
1 1 3  . H and C nuc lear magnetlc resonance spectra for the 
pol yphenylpyrazoles in deuterochloro form and the respective 
infrared spec tra gave ab sorptions analogous to those ob­
tained for mode l compounds and previou s ly reported poly-
pyra z o l e s . In  the I R  spec tra aromatic carbon hydrogen 
s tretches were observed near 3 0 5 0  - 1  cm and C=N and C=C 
ring s tretche s near 1 6 0 0  - 1  cm The spec tra ex-
hibited a multiplet from 0 6 . 8  7 . 9  corre sponding to 
aromatic protons . Po lymers from 4 , 4 ' -DHDPM exh ibited a 
s inglet at 0 3 . 9  due to the methylene protons . The poly-
phenylpyrazoles exh ibited a resonance near 1 0 5  ppm in the i r  
1 3C NMR spectra correspond ing t o  carbon- 4 o f  the pyrazole 
r ing . Thi s peak is  split into a doub let in the SFORD 
spectrum . Po lymers from 4 , 4 ' -DHDPM showed a resonanc e near 
41 ppm which was split into a triplet in the 1 3C NMR SFORD 
spectrum . ( S ee Append ix ) . 
The DSC curve s for the polyphenylpyr azoles gave we l l  
de f ined second-order trans itions ( gl a s s  trans itions ) that 
r anged from 2 2 5  to 2 6 1 ° C ( Table 4 ) . An examp le DSC curve 
is shown in F igure 1 9 . In  genera l ,  polypheny lpyr azoles 
from 1 , 4-PPPO had higher g l a s s  trans ition (Tg)  temperatures 
than those prepared from the l e s s  symmetrical 1 ,  3-isomer 
( 1 , 3 -PPPO ) . No me lting temperature (T ) was observed for m 
the polyphenylpyrazoles  and they did not show s igns o f  
crystal lini ty when sub j ected t o  x-ray d i f fraction . They 
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F igure 1 9 .  DSC thermogram o f  * P 1 . 
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appear to be tot ally amorphous po lymer s .  The polyphenyl­
pyrazoles had decompos i tion temperatures ( temperature of 
1 0 %  weight los s )  as me asured by TGA that ranged from 400 to 
5 0 0 ° C  i n  a ir and 4 7 0  to 5 1 2 ° C i n  nitrogen ( Table 4 ) . An 
exampl e  o f  a TGA thermogram i s  shown in F igure 2 0 . The 
e f fect o f  molecular we ight on the therma l propert i e s  was 
seen by compar ing with P I  and *Pl ( *P l  was a fraction of P I  
with a higher inherent viscos ity , Table 4 ) . The Tg for *Pl 
wa s 2 Q C  h igher whi l e  the decompos ition temperature was 3 7 ° C 
h igher i n  a i r  and 4 2 ° C h igher in ni troge n .  In  many polymer 
sys tems the Tg and mechan ical s tre ngth are dependent on the 
mo lecular we ight to a certain extent ( 3 ) . Usually the 
optimum molecular weight for proces s ib i l ity i s  in the area 
near the top of the curve in Figure 3 where the mo lecular 
we ight of the polymer is moderate whi l e  the mechanical 
strength is near max imum . Apparently , the polyphenylpyra­
zoles were of too low mo lecular we ight to exhibit opt imum 
mechanical propert ie s .  Thi s  was improved somewhat by 
fractionation . The e lemental analyses o f  several polypyra­
z ol e s  is shown in T able 5 .  
Unsubstituted Polypyrazoles 
The unsub s tituted polypyraz ole s were prepared by 
reacting s to ichi ometric amounts of an unsubsti tuted di­
propynone ( 1 , 4  and 1 , 3-PPO ) with the free base o f  an 
aromatic d ihydraz i ne i n  m-cresol or DMAc under nitrogen for 
2 to 2 4  hr (Table 3 ) . The exothermic reactions were 
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TABLE 5 
ELEMENTAL ANALYSES OF POLYPYRAZOLES 
E l eme ntal Ana l y s i s a 
Po lymer Formula C H 
P I  ( C 3 6H 2 4
N 40 ) n ( 8 1 .  7 9 )  ( 4 . 5 7 )  8 1 .  9 7  4 . 6 6  
P 4  ( C 3 7H 2 6N 4 ) n ( 8 4 . 3 8 )  ( 4 . 9 7 )  8 4 . 0 3 5 . 1 2 
P6 ( C 3 6
H 2 4N 40 2S ) n ( 7 4 . 9 8 )  ( 4 . 1 9 ) 7 4 . 6 7 4 . 3 3 
P 7  ( C 2 4
H 1 6
N 40 ) n ( 7 6 . 5 8 )  ( 4 . 2 8 )  7 6 . 1 9 4 . 4 5 
P 9 ( C 2 5
H
1 8
N
4 ) n ( 8 0 . 1 9 )  ( 4 . 8 4 )  7 9 . 7 4 4 . 5 8  
P l l  ( C 2 4
H 1 6N 40 2 S ) n ( 6 7 . 9 0 )  ( 3 . 8 0 ) 6 7 . 4 4 3 . 6 4 
a Theoretical values i n  parentheses 
( % )  
N 
( 1 0 . 6 0 )  
1 0 . 8 8 
( 1 0 . 6 4 )  
1 0 . 3 7 
( 9 . 7 2 )  
9 . 5 6 
( 1 4 . 8 8 )  
1 4 . 4 9 
( 1 4 . 9 6 )  
1 4 . 6 9 
( 1 3 . 2 0 )  
1 2 . 8 7 
0'\ 
o 
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usually s t arted at i ce bath tempe rature s and s lowly allowed 
to warm to room temperature , and then gradual ly heated to 
the desired temperature . The free bases o f  the dihydra-
z ine s were generated , recrystal l i z ed , and dr ied j us t  prior 
to polyme r i z ation . The free bases of the aromatic dihydra­
z ine s were generated by dissolving the dihydrochloride salt 
in d i s t i lled water at room temperature . Ammonium hydroxide 
was added unt i l  the solution wa s bas ic , resulting in a 
white prec ipitate . rhe dihydrazine wa s col lected by 
fi ltration , washed repeated ly with water , and dried under 
vacuum . The dihydraz ine was recrystal l i z ed from 9 5 %  
ethanol us ing decolori z ing charcoal to give o f f-white 
lea f lets . The pure d ihydraz ines were dried with mild 
heating under vacuum , then used in the polyme r i z ation . 
The unsubstituted polypyrazoles were o f  more l imited 
solub i l i  ty . One po lymer , P7 , was completely soluble only 
in concentrated H 2 S0 4 , whi le the remaining unsubsti tuted 
po lypyraz o l e s  were soluble in DMAc . After i so lation , the se 
polyme r s  were inso luble or only s l i ghtly soluble in chloro­
form , methylene chloride , chlorobenz ene , to luene , �-cresol , 
acetone , N-methylpyrrol idone , dimethyl sul foxide , and 
hexamethylphosphoramide . I nhe rent viscos ities were ob-
tained on 0 . 5 % so lutions of the po lymers in DMAc at 2 5 ° C  
with one exception , that be ing P 7  which was obtained in 
concentrated H2 S04 , The inherent viscos ities ranged from 
0 . 3 1  to 1 .  a s  dL / g indicating moderate to high mo lecular 
we ight ( Tab le 6 ) . The higher vi scos ity ( 0 . 5 0 dL/ g  and 
TABLE 6 
CHARACTER I ZATION OF UNSUBS T I TUTED POLYPYRAZOLES 
�t@-X-@-7� \ �  �N NJ I 
Temperature o f  1 0 %  
we i ght l o s s c 
Polymer I s ome r X a d L / g  Tg , O C ( DS C ) b n inh ' A i r  
P 7  1 , 4  ° 1 .  0 5  2 4 3  4 5 9  
P 8  1 , 3  ° 0 . 5 1 2 1 6  4 8 3  
P 9  1 , 4  CH2 0 . 5 5 2 1 0  4 1 5  
P I 0  1 , 3  CH 2 0 . 3 3 2 0 2  
P l l 1 , 4  S02 0 . 6 0 2 6 6  4 6 6  
P 1 2  1 , 3  S0 2 0 . 3 1 2 1 8  
�I nherent v i scos i ty obtained i n  DMAc or H 2 S0 4 at 0 . 5 % concentration at 2 5 ° C  Heati ng rate o f  2 0 ° C /min . cHeat i ng rate o f  2 . 5 ° C /min 
N i trogen 
4 9 6  
5 1 2 
4 9 0  
4 6 6  
0\ 
N 
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greate r )  polymers formed fingernai l  c reaseable f i lms when 
cast from DMAc at a concentration of 1 5 %  (w/w) . A film of  
P 7  wa s not obtained si nce it was comp letely soluble only in 
concentrated H 2S 04 ( fi lms usually cannot be cast from 
s trong acids or bases ) . 
When scale up o f  the po lyme r i z ation reactions was 
attempted , gelation occurred on several occa s ion s , pre-
surnably due to the formation of high molecular weight 
po lymer . When gel ation occurred , the polymers , a fter 
i s o l ation , were no longer soluble . However a Tg was s t i l l  
evident in t h e  expected range . ( H ighly cros s l inked poly-
mer s  do not exhib it a Tg ) . Ge lation could be avoided by 
monito ring the reaction and quenching ( s topping ) prior to 
gel ation . The r igid l inear backbone (with no pendent 
phenyl groups ) o f  thes e  unsubstituted po lypyrazoles give s 
r i s e  to the solvent resi stance seen in the se polymers , 
hence the gel at ion . The r igid linear polymer backbone 
a l l ows for c lose packing of polymer chains forming regions 
of  microcrystall inity . Also the presence of polar groups 
and atoms increa s e s  intercha in interaction . Both of the se 
ef fects serve to increase the cohes ive energy dens ity , 
increa s i ng the lattice energy that a solvent mus t  overcome 
for solvation to occur . Microcrystallinity affects other 
properties o f  po lymers such as f i lm br ittlene s s  and film 
clar i ty .  The po lymer P l 1  (n . h = 0 . 6 0 dL / g )  formed a film l.n 
When that wa s s l ightly opaque and somewhat brittle . 
subj ected to x-ray d i f fraction , microcrys tal linity was 
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detected i n  the polymer ( F igure 2 1 ) . In general , the 
unsubsti tuted polypyrazoles from 1 , 3-PPO were more readily 
s oluble than tho se prepared from 1 , 4-PPO . 
The conj ugate addition mechanism as shown in Figure 
2 2  appeared to be operative in the se reactions as ev idenced 
by the i solation of uncyc l i z ed po lymer . The uncyc l i z ed 
po lymer from 1 ,  4 -PPO and 4 , 4  ' -DHDPS was prepared in m­
cre sol at room temperature under nitrogen . The uncyc l i z ed 
po lymer was soluble in m-cresol but ins oluble in DMAc , 
DMSO , and chloro form .  The I R  spectrum o f  the uncyc l i z ed 
polyme r revealed the absence o f  absorptions characteri stic 
o f  acetylene funct i onal i ty at 3 2 2 5  cm- 1  (C =C-H ) and 2 1 0 5  
cm- 1  ( -C =C- ) and the pre sence o f  absorptions characteris tic 
- 1  of  amine functional i ty a t  3 3 5 0  c m  ( N-H)  . In  addition , 
the carbonyl absorption had shi fted from 1 6 4 0  cm- 1  to 1 6 8 0  
cm- 1 , further indicating that addition to the 8 carbon had 
occurred . Due to low solub i l i ty 1H NMR data were unobtain-
able . The polyme r wa s cyc l i z ed by both chemic al and 
thermal means to provide the expected po lypyrazole . The 
polymer wa s cyc l i z ed ( dehydrated ) chemically by d i s s o lving 
it in concentrated H2 S04 then precipitating it in ic
e 
water , and thermal ly by d i s solving it in m-cresol and 
heating above 1 0 0 ° C for several hours . The I R  spectra for 
each was e s sent i al ly identical and was a l so identical to 
the I R  of other po lypyrazoles ( see Appendix ) .  The n inh o f  
the uncyc l i zed po lymer i n  �-cresol a t  2 5 ° C  was 0 . 3 5 dL / g ,  the 
n . of the cyc l i z ed po lypyrazole in DMAc at 2 5 ° C  was 0 . 4 3 �nh 
dL/ g .  
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Figure 2 2 . Proposed mechanism for the addition of 
aromatic hydraz ines to aromatic propynone s .  
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1 1 3  The H NMR and C NMR spectra for the suffic iently 
soluble unsubstituted po lypyrazoles in DMSO-d 6 gave ab­
sorptions anal ogou s to those obtained for model compounds 
and previous ly reported polypyrazoles . In the I R  spectra 
aromat ic carbon hydrogen s tretche s were ob served near 3 0 5 0  
- 1  1 cm and C=C and C=N ring s tretche s near 1 6 0 0  cm-
NMR spectra exhibi ted ,a multiplet from 0 6 . 8  - 7 . 9  due to 
aromatic protons . Polymers from 4 , 4  ' -DHDPM exhibited a 
s inglet near 3 . 9 8  due to methylene protons . I n  the 1 3 C NMR 
spectra a re sonance near 1 0 9  ppm was detected . Thi s  
res onance which corresponds t o  carbon- 4 o f  the pyrazole 
ring wa s spl it into a doublet in the 1 3 C NMR SFORD 
spectrum . Po lyme r s  from 4 , 4 ' -DHDPM showed a resonance near 
4 1  ppm which was split into a triplet in the 1 3C NMR SFORD 
spectrum . 
The DSC curves for · the unsubsti tuted po lypyrazoles 
gave we l l  de fined second-order transitions ( Tg ' s ) that 
ranged from 2 0 2  to 2 6 6 ° C ( Table 6 ) . In  general , the 
unsub s t i  tuted polypyrazoles prepared from 1 ,  4 -PPO showed 
higher Tg ' s  than those from the l e s s  symmetrical 
1 , 3 - i some r . No Tm was detected by DSC for the se polymers , 
however , x-ray d i f fraction indicated the pre sence of  
microcrystall inity . The polymers had decompos ition 
temperatures ( temperature of 1 0 % we ight l os s )  a s  mea sured 
by TGA that ranged from 4 1 5  to 4 8 3 ° C in air and 4 6 6  to 
5 1 2 ° C in nitrogen ( T able 6 ) . F lex ib le films were obtained 
by solution casting from DMAc for P8 , P9 , and P 1 1 .  The 
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soluble , lower viscos ity ( n inh l e s s  than 0 . 5 0 dL/ g )  
po lymer s  gave relatively brittle films from DMAc . Due to 
the insolub i l ity o f  the polymer with the highe s t  inherent 
viscos ity ( P 7 , Table 6 )  film was unobtainable . 
CONCLUS IONS 
I t  has been demonstrated that the reaction of  
aromatic dipropynone s and aromatic dihydraz ines leads to 
the formation o f  polypyrazoles . The po lymer s  exhibited 
Tg ' s ranging from 2 0 2  to 2 6 6 ° C .  The po lypyrazoles were 
shown to have good thermal s tabi l ity as measured by TGA . 
Due to the low mol ecular we ight o f  the po lyphenylpyrazoles 
and the insolub i l ity of the unsubstituted po lypyrazoles , 
practical app l ication o f  the se material s is  not ant ici­
pated . No further work invo lving the se materials is  
planned . 
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EXPERIMENTAL 
General 
Al l me lting points were determined on a Thomas Hoover 
me l ting point apparatus and are uncorrected . E lemental 
analyses were per formed by Atlantic Micro labs , I nc . , 
Atlanta , Georgia .  Inherent viscos ities were obtained us ing 
a Ostwald viscometer ( C annon 5 0 / 6 6 2 1 )  on 0 . 5 % w/v solutions 
in chloroform o r  DMAc ( 0 . 1 0 0 0  g in 20 mL ) at 2 5 ° C .  I n fra­
red ( I R )  spectra were obtained on a Perkin-Elmer 2 8 3  
spectrophotometer a s  thin fi lms , KBr d i s c s , and Nuj ol 
mul l s . Proton and carbon nuc lear magnetic resonance ( lH 
and 1 3c NMR )  spectra were obtained on a JEOL FX90Q Four ier 
trans form NMR spectrometer .  Chemical shi fts are reported 
in parts per mi l l ion ( 6 ) down f i e ld from internal tetra-
methyl s i lane ( TMS ) . D i f fe rent i al scanning calorimetry 
( DS C )  was performed in s tatic air or a ni trogen atmosphere 
at a heating rate of 2 0 ° C /min us ing a DuPont mode l  9 9 0  
thermal ana lyz er i n  comb ination with a s tandard DSC c e l l . 
The apparent g l a s s  tran s ition temperature ( Tg )  was taken at 
the mid-inflec t ion point o f  the � T versus temperature curve 
a fter heating the s ampl e  to 3 0 0 ° C  fo l lowed by quenching on 
a coo l surface . Thermogravimetric analyses ( TGA ' s )  were 
per formed on powdered s amples us ing a Perkin-E lmer program 
temperature contro l l e r  mode l  UV- l in comb ination with a 
heater contro l le r  and an autoba lance mode l  AR- 2 at a 
heating rate o f  2 . 5 °C imin in both air and nitrogen . 
7 0  
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Triethylamine ,  �-cresol , and phenylhydraz ine were vacuum 
distil led prior to use . Tetrahydro furan ( THF ) was puri f ied 
by d i s t i l lation from calc ium hydr ide . The other reagents 
were obtained from Aldr ich Chemical Co . and used without 
further puri f ication . 
Propynones and D ipropynone s 
Benzoylphenylacetylene ( BPA ) . Into a 2 L three-neck 
round bottom f l a sk f i.tted with a nitrogen inlet and a 
mechan ical s tirrer was p l aced 2 . 7  M n-buty l l i thium in 
hexane ( 1 1 2  roL ,  0 . 3 0  mol ,  Aldrich Chemical Co . )  in tetra­
hydrofuran ( THF ) ( 2 0 0  mL ) . The solution wa s maintained 
below 5 ° C  during dropwi se add ition of pheny lacetylene ( 3 0 . 7  
g ,  0 . 3 0 mol , Aldrich Chemical Co . )  in  THF ( 5 0 mL ) . The 
solution was s ti rred an additional 5 min and then freshly 
d i s t i l led benz aldehyde ( 3 5 . 0  g ,  0 . 3 3  mo l )  in  THF ( 5 0  mL) 
was added dropwise over 1 0  min with s t ir ring . Addi tional 
THF ( 2 0 0  mL ) was added and the solution was then allowed to 
warm to room temperature wh i l e  s tirring was continued over 
4 5  min . The reaction mixture was neutral i z ed with 2 0 %  
aqueous acetic acid ( 1 0 0  mL) . The organic layer was then 
washed twice with water ( 2 0 0  mL ) and the solvent removed in 
vacuo « 4 0 ° C )  to give the racemic acetylenic alcohol . To 
a s tirred s olution of the crude acetylenic alcohol in 
acetone ( 2 0 0  mL ) was added dropwise a solut ion o f  chromic 
anhydr ide ( 2 1 . 0  g ,  0 . 2 1  mol )  in sul fur ic acid ( 1 8 . 0  mL ) and 
water ( 6 0 . 5  mL ) , maintaining the temperature be low 2 0 ° C .  
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S t i rring w a s  c ontinued a n  addi tional 3 0  m i n  and then the 
react i on mixture was poured onto cracked ice ( 7 S 0  g) . The 
c rude BPA was col lected by f i l tration , washed with water , 
and a i r  dried : yield 3 6 . 8  g ( S 9 . S % )  i mp 4 2- 4 4 ° C .  Re­
c rystal l i z at ion from hexane s containing a small amount of 
toluene gave pure BPA , mp 4 S . S- 4 7 . S o C  ( l i t .  ( S 4 )  mp 4 6 -
4 8 ° C )  . 
1 , l ' - ( 1 , 4-Phenylene ) b i s ( 3 -phenyl - 2 -propyn- l-one ) ( 1 , 4 -
PPP O ) . A solution o f  l i thium phenylacety l ide ( 0 . 4 1 mol )  
was prepared in THF ( 2 0 0  mL ) as previous ly descr ibed . 
Terephthalaldehyde ( 2 S . 0  g ,  0 . 1 8 6  mol , Aldr ich Chemical 
Co . )  i n  THF ( I S O  mL ) wa s added dropw i s e  over 10 min to the 
phenylacetyl ide solut ion whi l e  maintaining the temperature 
below S o C .  The reaction s lurry was treated with add i tional 
THF ( 2 0 0  mL ) and then al lowed to warm to room temperature 
ove r 4 S  minute s .  The reaction mixture was neutr a l i z ed with 
2 0 %  aqueous acetic acid ( 1 0 0  mL ) and the organic layer wa s 
washed twice with water ( 2 0 0  mL )  and the solvent removed in 
vacuo « S O ° C ) to yield an oi l .  A solution of the o i l  in 
acetone ( 2 0 0  mL )  wa s then treated dropwise over IS min with 
chromic anhydride ( 2 6 . 0  g ,  0 . 2 6 mol )  in sul fur ic ac id ( 2 2 . 4  
mL) and water ( 7 S . 0  mL )  whi l e  mai ntaining the temperature 
be low 2 0 ° C .  The solution was then al lowed to warm to room 
temperature whi le s tirr ing was mai ntained for 3 0  min . The 
reaction mixture was poured onto c racked ice ( 7 S 0  g )  to 
isolate the crude product . After fi ltration and air 
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drying , the 1 , 4 -PPPO wa s dissolved in a minimal amount of  
hot chloro form and the so lution was fi ltered through a 5 cm 
bed o f  s i l ica gel (mesh s i z e  6 0 - 2 0 0 , Davison Chemical 
Corp . ) to remove chromium salts . Removal o f  the solvent in 
vacuo provided the product . Rec rystall i z ation twice from 
methyl ethyl ketone gave 3 2 . 7  g ( 5 3 % )  of pale ye l low 
needle s  of pure 1 , 4-PPPO , mp 1 9 2 . 5- 1 9 3 . 5 ° C  ( l it  ( 3 1 )  mp 
1 , 1 ' - ( 1 , 4-Phenylene ) bis ( 3 -phenyl - 2 -propyn- 1 -one) ( 1 , 3-
PPPO) . Crude 1 , 3-PPPO from isophthalaldehyde ( 2 5 . 0  g ,  
0 . 1 8 6  mol ,  S igma Chemical Co . )  wa s obtained using the 
procedure described for the preparation of 1 , 4-PPPO . 
Recrys tal l i z ation o f  the c rude product from 2 -propano l / 9 5 %  
ethano l gave 2 8 . 5  g ( 4 6 % )  of  c ream colored crystals o f  pure 
1 , 3 - PPPO , mp 1 1 9 - 1 2 P C .  IR (KB r )  2 2 1 2  cm- 1  ( C = C ) , 1 6 4 0  
- 1  1 1 3  cm ( C=O) i H NMR ( CDCI 3 ) 0 9 . 1 3- 7 . 2 4 ( 1 4H , m ,  Ar-H) ; C 
NMR 1 7 6 . 7  ppm ( C=O ) , 9 4 . 2  ppm ( =f-CO) , 8 6 . 7  ppm ( =f-Ph) 
Anal . Ca lcd . For C2 4 H1 4 02 : C ,  8 6 . 2 1 % ; H ,  4 . 2 2 %  Found : C ,  
8 6 . 0 8 % ; H ,  4 . 2 7 % . 
1-Phenyl- 2 -propyn- 1 -one ( PPO) 
To a solution o f  1 -phenyl- 2 � propyn- 1 -o 1  ( 5 0 g,  0 . 3 7 8  
mol , Farchan Chemical Co . )  i n  acetone ( 3 0 0  mL ) was added 
dropwi s e  a solution of chromic anhydride ( 2 6 . 5  g ,  0 . 2 6 mol )  
i n  sul fur ic acid ( 2 4  mL ) and water ( 7 5 mL ) , while maintain-
ing the temperature from 0 to 1 0 ° C .  Stirr ing was continued 
7 4  
an addi tional 3 0  min . a t  room temperature and then the 
reaction mixture was poured onto cracked ice . The crude 
product was col lected by f i l tration and washed with water . 
Rec rys t a l l i z at ion from hexanes gave o f f-white crystals o f  
PPO in 8 2 %  y i e ld , m . p .  4 7 - 4 9 ° C [ L i t .  ( 5 5 )  m . p .  4 6- 4 8 ° C ] . 
1 , 1 ' - ( 1 , 4 -Phenyl ene ) b is ( 2-propyn-l-one ) ( 1 , 4-PPO) 
I nto a f l ame-dr ied , lL , three-neck , round bottom 
flask f i tted with a mechanical stirrer , pres sure equal i z ing 
dropping funne l ,  reflux condenser , and a nitrogen inlet and 
outlet was placed 1 2  g ( 0 . 5 0 g· atoms ) o f  fresh magnes ium 
turnings and 3 0 0  mL o f  dry THF . Ethy l bromide ( 6 0 g ,  0 . 5 5 
mol e )  was placed i n  the pres sure equal i z ing dropping funnel 
and added dropwi s e  to prepare the Grignard reagent . 
Under nitrogen , acetylene was bubb led into 2 5 0  mL o f  
dry tetrahydro furan ( THF ) in a flame-dr ied 2 L  three neck 
round bottom f lask f i tted w i th a pres sure equal i z ing 
dropping funne l containing ethy lmagnes ium bromide , a 
magnetic s tirrer , and gas i nlet tube which protruded i nto 
the THF in the f l ask . The acetylene was pur i f ied by 
pass i ng it through a solution o f  pyrogal lol in sodium 
hydroxide and then through concentrated sul fur ic ac id . 
After 1 0  minutes ,  a sma l l  portion ( 5- 1 0  mL ) o f  ethy l­
magne s ium bromide was introduced , a froth o f  ethane ap­
peared immediate ly which was eas i ly d i s t inguishab le from 
the larger bubbles o f  acetylene . After the froth ing 
subs ided the add i tion of the ethy lmagne s ium bromide was 
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continued in a portion-wi s e  fashion unti l the total solu­
tion had been added . 
To the solution o f  ethynylmagne s ium bromide , tere­
phthalaldehyde ( 2 4 . 0 g ,  0 . 1 7 9  moles Aldr ich Chern . Co . )  in 
- 1 5 0 mL THF wa s added over a 1 5- 2 0  minutes per iod . The 
reaction flask was flushed with nitrogen and allowed to 
stir at room temperature for - 2  hr . The mixture was then 
hydrolyzed with 1 . 5  L o f  s aturated ammonium chlor ide 
so lution . The aqueous . phase was extracted with three 2 0 0  
roL portions o f  diethyl ether . The THF solution and ether 
extrac t s  were c ombined and dr ied ove r anhydrou s magne s ium 
sul fate . The THF / ether was removed under vacuum to give 
the diaste reome ric dipropynol as a pale ye llow solid , mp 
1 4 0- 1 4 3 ° C .  
To a mechanically stirred solution o f  the dipropynol 
in acetone ( - 2 0 0  roL ) , chromic anhydride ( 1 2 . 6  g ,  0 . 1 2 6  
mol e )  in sul furic acid ( 1 2 roL )  and water ( 3 6  mL ) was added 
dropwi se whi le maintaining the temperature 0 to 5 ° C .  
Stirr ing wa s continued an addi tional 3 0  min . and the 
reaction mixture wa s poured onto c racked ice . The crude 
product wa s c o l le cted by f i l tr ation , washed with wate r ,  and 
air dried to yield 1 9 . 6 9 g ( 6 0 %  yield ) o f  1 , 4 -PPO , mp 
1 9 7 - 2 0 0 .  Recrystal l i z ation from 1 ,  4 -dioxane gave 1 0 . 5  g 
( 3 2 % )  o f  pale yel low needles o f  pure 1 , 4 -PPO , mp 2 0 6- 2 0 8 ° C  
( de c )  [ Lit . ( 5 6 )  mp 2 0 8 ° C  ( de c ) ] .  
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1 , 1 '  - ( 1 ,  3 -Phenylene ) bis ( 2 -propyn- 1 -one ) ( 1 , 3  PPO ) 
Crude 1 , 3 -PPO from is ophthalaldehyde ( 2 4 . 0  g ,  0 . 1 8 
mol e s , S i gma Chemical Co . )  was obtained us ing the procedure 
descr ibed for the p reparation of 1 ,  4 -PPO . Recrys tal l i z a-
tion o f  the crude produc t  from benz e ne gave 9 . 3 6 ( 2 9 % )  of  
yel low crystals  o f  pure 1 , 3-PPO , m . p .  1 0 5- 1 0 7 ° C . Infrared 
-1 1 spectrum ( I R )  (KBr)  3 2 2 5  cm ( C= C-H ) , 2 1 0 5  cm- ( C= C ) , and 
1 6 4 0  cm- 1 ( C=O ) . 1 H NMR (CDC I 3 ) ,  8 7 . 3- 8 . 9  ( 4H ,  m ,  Ar-H) , 
3 . 6  ( 2H ,  s ,  C = C-H) ; 1 3c NHR ( CDCI 3 ) ,  1 7 6 . 1  ppm ( C=O ) , 9 6 . 4  
ppm ( =f,-C=O ) , 8 9 . 1  ( =f,-H ) . Anal . Calcd . for C 1 2H 602 : C ,  
7 9 . 1 1 % ; H ,  3 . 3 2 % . Found : C ,  7 9 . 0 6 % ; H ,  3 . 3 4% . 
Both 1 , 3  and 1 , 4 -PPO discolored s l ight ly on exposure 
to air . High pres sure l iquid chromatographic analyse s  o f  
freshly recrys ta l l i z ed and discolored compounds showed no 
change in the chromatograms . In  addition , there were no 
changes in the me lting points or the 1H NMR spectra . 
E l emental analys e s  o f  freshly recrys tal l i z ed and discolored 
compounds were within experimental limits ( ±  0 . 3 %  o f  
theoretical values ) .  
Dihydra z i ne s  and Reagents 
4 , 4 ' -Dihydraz inodiphenyl ether ( 4 , 4 ' -DHDPE ) 
I nto a 2L three-neck round bottom flask fitted with 
mechanical s t i rrer , thermometer , and dropping funnel was 
p laced 4 - aminophenyl ether ( 2 0 . 0  g ,  0 . 1 0  mo l ,  Aldr ich 
Chemical Co . )  which was sub sequently d i s so lved in 1 5 0  mL 
concentrated hydrochlor ic acid and 1 0 0  mL o f  wate r .  The 
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apparatus i s  placed i n  a dry- ice acetone bath which can be 
raised and lowered to maintain the temperature below O ° C .  
The solution was cooled to - 5 ° C  and a solution o f  sod ium 
nitrite ( 1 5 . 1  g ,  0 . 2 2  mo l , Aldr ich Chemical Co . )  in 5 0  roL 
o f  water wa s added dropwise while maintaining the tempera­
ture at - 1 0  to O O C .  Stirring was continued for an addi-
tional hour at O ° C  and the diazonium salt was reduced us ing 
s tannous chloride dihydrate ( 1 4 8 . 6  g ,  0 . 6 6 mol ,  Aldrich 
Chemical Co . )  in concentrated hydrochloric acid ( 3 0 0  roL )  
previou s ly cooled to O ° C .  The mixture was st irred over-
night at room temperature and the solid was sub s equently 
col lected by f i l tration and dr ied in vacuo . The d ihydra-
z ine d ihydrochlor ide was recrysta l l i z ed from a 1% aqueous 
hydrochloric acid s o lution us ing charcoal to give 1 2 . 7  g 
1 ( 4 2 % )  o f  white p late lets . H NMR ( DMSO-d6 ) ,  0 6 . 4 - 6 . 9  ( 8H ,  
m ,  Ar-H) , 0 7 . 1  ( 2H ,  b s , 
protonated primary N-H) . 
C ,  4 7 . 5 4 % ;  H ,  5 . 3 2 % ;  N ,  
secondary N-H) , 0 8 . 5  ( 6H ,  bs , 
Anal . Calcd . for C 1 2H 1 6N 4Cl 20 :  
1 8 . 4 8 % . Found : C ,  4 7 . 6 1 % ; H ,  
5 . 3 3 % ; N ,  1 8 . 4 4 % .  The me lting point o f  the free base was 
1 3 2- 1 3 4 ° C . 
4 , 4 ' -Dihydrazinodiphenylmethane ( 4 , 4 ' -DHDPM) 
4 , 4 ' -DHDPM . 2 HCl was prepared in 3 7 %  from 4 , 4 ' ­
me thylene dian i l ine by the same procedure as described for 
the preparation of 4 , 4 ' -DHDPE . Anal . Ca lcd . for 
Found : C ,  
5 1 . 6 9 % ;  H ,  6 . 0 6 % ; N ,  1 8 . 5 1 % . The me lting point o f  the free 
base was 1 4 6 - 1 4 8 ° C  [ Lit . ( 5 7 )  mp 1 4 1 - 1 4 3 °C . 
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3 , 3 ' -Dihydraz inod iphenylmethane ( 3 , 3 ' -DHDPM) 
3 , 3 ' -DHDPM · 2 HC l was prepared in 2 7 %  yie ld from 3 ' 3 -
methylene d iani l ine by the same procedure as described for 
the preparation of 4 , 4 '  -DHDPE . 
( 2 H ,  s ,  -CH - )  2 ' 6 . 3 - 6 . 8  ( 8H ,  m ,  Ar-H ) , o 7 . 1  ( 2H ,  bs , 
secondary N - H ) , 0 8 . 6 ( 6H ,  b s , p rotonated primary N-H) . 
C ,  5 1 . 8 3 % ;  H ,  6 . 0 2 % ; N ,  
1 8 . 6 0 % . Found : C ,  5 1 . 7 4 % ; H ,  6 . 0 6 % ;  N ,  1 8 . 5 4 % . The 
me l t ing point o f  the free base was 6 5- 6 7 ° C . 
The s e  three d ihydr a z ine s , ( 4 , 4 ' -DHDPE , 4 , 4 ' -DHDPM and 
3 , 3 '  -DHDPM ) whe re s tored and analyzed as the ir dihydro­
chloric salts due to the instab i l i ty of the free bases for 
prolonged periods in air . Due to the i r  hygroscopic nature 
the dihydrochloride salts were dr ied in vacuo prior to use . 
The free bases were prepared by d i s s olving the 
dihydr az ine d ihydroch loride in disti l led water and adding 
ammon ium hydrox ide . The s o l i d  was col lected , washed with 
water and recrysta l l i z ed from 9 5 %  ethanol . 
4 , 4 ' -D ihydraz inodiphenylsul fone ( 4 , 4 ' DHDPS ) 
I nto a 2 5 0  mL round bottom flask equipped with a 
water condenser was placed 4 -chlorophenyl sul fone ( 1 0 . 0  g ,  
0 . 3 5  mo l ,  Aldr ich Chemical Co . ) , hydra z ine hydrate ( 8 0 mL ,  
Aldr ich Chemical Co . )  and a boi l ing chip . The mixture was 
heated at re flux for 2 4  hr s ,  cooled , and the solid col lect-
ed by f i l trat ion and air dried . The c rude product was re­
crystal l i z ed twice from 9 5 %  ethanol us ing charcoal to give 
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7 . 7  g ( 7 9 % )  o f  white needles , m p  1 9 8 ° C  ( dec ) [ L it ( 5 8 )  mp 
1 9 8 ° C  ( de c ) ] .  
Model Compounds 
1 , 1 ' - ( 4 , 4 ' -Oxydiphenylene ) bis ( 3 , 5-diphenylpyrazole ) M1  
A so lution o f  4 , 4 ' -dihydrazinodiphenyl ether dihydro­
chloride ( 0 . 4 9 4 4  g ,  1 . 6 3 romol ) , BPA ( 0 . 6 7 2 1  g ,  3 . 2 6 romol ) , 
and tr iethylamine ( 0 . 3 6 3  g ,  3 . 5 8 romo l )  in 9 5 %  ethanol was 
refluxed under a nitrogen atmosphe re for 24 hr . The 
solvent was removed in vacuo and the crude material was 
heated in boi l ing wate r to provide a yel low s o l id ( 0 . 8 8 g ,  
8 9 %  yield) , mp 1 3 8 - 1 4 3 ° C .  Recrystal l i z ation from toluene 
gave 0 . 6 8 g ( 6 9 % )  o f  yel low leaf lets , mp 1 4 9 . 5 - 1 5 1 ° C .  I R  
- 1  - 1  ( KB r )  3 0 5 0  cm (Ar-H) , 1 5 9 5  cm overl apped ( C=C)  and 
( C=N) . 1 H NMR ( CDC1 3 ) 0 7 . 0 - 7 . 9  ( m ,  Ar-H ) ; 
l 3C NMR ( CDC 1 3 ) 
1 0 5 . 1  ppm ( C - 4  pyr a z o 1 e  r ing) , SFORD doublet . Anal . Ca 1cd . 
for C 4 2H 3 0N 4o :  C ,  8 3 . 1 4 % ;  H ,  4 . 9 8 % ; N ,  9 . 2 3 % . Found : C ,  
8 2 . 8 8 % ;  H ,  5 . 1 1 % ; N ,  9 . 2 2 % . 
1 , 1 ' - ( 4 , 4 ' -Methylenediphenylene) bis ( 3 , 5-diphenylpyrazo I e )  
M2 
A solution o f  4 , 4 ' -dihydrazinodiphenyl methane 
dihydrochlor ide ( 0 . 6 1 5 0 g ,  2 . 0 4 romol ) , BPA ( 0 . 8 4 1 1  g ,  4 . 0 8 
romol )  and triethy lamine ( 0 . 4 5 g ,  4 . 4  romo l )  were used to 
prepare the title compound fol lowing the procedure de­
scr ibed for the preparation of 1 , 1 ' - ( 4 , 4 ' -oxydiphenylene ) ­
b i s ( 3 , 5-d iphenylpyrazole ) . The crude compound was obtained 
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as a yel low solid ( 1 . 1  g ) , mp 1 3 7 - 1 4 1 ° C .  Recrystal l i z ation 
from toluene gave 0 . 8 4 g ( 6 8 % )  of pale white leaflets , mp 
1 4 1 . 5- 1 4 3 ° C . I R  (KB r )  3 0 5 0  cm- 1  (Ar-H) , 2 9 7 0  ( -CH2 - ) , 1 5 9 5  
- 1  1 cm over lapped ( C=C ) and ( C=N ) . H NMR ( CDC I 3 ) ,  
0 3 . 9 8 
( 2H ,  s ,  -CH 2- ) , 
0 7 . 0- 7 . 9  ( 3 0  H ,  m ,  Ar-H ) ; 1 3C NMR ( CDC I 3 ) 
4 0 . 9  ppm -fH 2 - ,  SFORD triplet ; 1 0 5 . 1  ppm (C-4 pyrazole 
r ing ) , SFORD doublet . C ,  
8 5 . 4 0 % ;  H ,  5 . 3 3 % ; N ,  9 . 2 6 % . Found : C ,  8 5 . 2 9 % ; H ,  5 . 4 0 % ; 
N ,  9 . 1 4 % .  
1 , 1 ' - ( 3 , 3 ' -Methylenediphenylene ) bis ( 3 , 5-d iphenylpyr a z o I e )  
M 3  
A s olution o f  3 , 3 ' -d ihydrazinodipheny lmethane d i-
hydrochlor ide ( 0 . 7 2 4 0  g ,  2 . 4 0 rnrnol ) , BPA ( 0 . 9 8 9 7  g ,  4 . 8  
rnrnol )  in  9 5 %  ethanol was used to prepare the title compound 
as des c r ibed above . The c rude product was recrystallized 
from ethy l ether to give 0 . 9 3 g ( 6 4 % )  o f  pale white plate­
lets , mp 1 4 5 - 1 4 7 ° C . IR ( KBr)  3 0 5 0  cm- 1  (Ar-H ) , 2 9 7 0  cm- 1  
- 1  ( 1 ( -CH 2- )  1 5 9 5  cm over lapped ( C=C) and C=N ) . H N
MR ( CDC I 3 ) ,  
1 3  o 3 . 9  ( 2H ,  s ,  -CH2- ) , 0 6 . 9- 7 . 9  ( 3 0  H ,  m ,  Ar-H) ; C NMR 
( CD C I 3 ) ,  4 1  ppm -fH2 - ,  SFORD triplet ; 1 0 5 . 2  ppm ( C- 4  
pyrazole r ing) , SFORD doub let . Anal . Calcd . for C 4 3 H3 2N4 : 
C ,  8 5 . 4 0 % ;  H ,  5 . 3 3 % ;  N ,  9 . 2 6 % . Found : C ,  8 5 . 2 4 % ;  H ,  
5 . 3 5 % ; N ,  9 . 2 3 % . 
3 , 3 ' - ( 1 , 4 -Phenylene) b i s ( 2 , 5 -diphenylpyrazole)  M4  
A s o lution o f  1 , 4 -PPPO ( 1 . 3 2 1 4 g ,  3 . 9 5 rnrno l )  and 
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fre shly d i s t i l led phenylhydr az ine ( 0 . 9 3 9 7  g ,  8 . 6 9 romol , 
Aldr ich Chemical Co . )  was refluxed in 9 5 %  ethano l for 2 4  
hr . under a nitrogen atmosphere . The so lvent was removed 
�n vacuo to give 1 . 9 3  g ( 9 5 % ) , mp 2 4 0 - 2 4 3 ° C . Recrystal-
l i z ation from ethanol gave 1 . 6 0  g ( 7 9 % )  o f  pale yel low 
needle s ,  mp 2 4 6 . 5 - 2 4 7 . 5 ° C . [ Lit . ( 4 6 )  mp 2 4 7- 2 4 8 ° C } . 
Anal . Calc d .  for C 3 6H2 6N4 : C ,  8 4 . 0 2 % ; H ,  5 . 0 9 % ;  N ,  1 0 . 8 9 % . 
Found : C ,  8 3 . 9 3 % ; H ,  5 . 1 3 % ;  N ,  1 0 . 8 5 % . 
3 , 3 ' - ( 1 , 3 -Phenylene ) b is ( 2 , 5 -diphenylpyrazole)  M5 
A solution of 1 , 3-PPPO ( 1 . 6 2 3 4  g ,  4 . 8 5 romol )  and 
freshly d i s t i lled pheny lhydraz ine ( 1 . 1 5 2 4  g ,  1 0 . 6  romol )  
i n  9 5 % ethanol was re fluxed for 2 4  hr under a nitrogen 
atmosphere . The c rude produc t was recrysta l l iz ed from 9 5 %  
e thanol to give 1 . 7 7 g ( 7 1 % )  o f  a ye llow powder , mp 2 3 7 -
[ L it ( 4 6 )  mp 2 3 7 - 2 3 8 ° C } . Anal . Calcd . 
C ,  8 4 . 0 2 % ; H ,  5 . 0 9 % ; N ,  1 0 . 8 9 % . Found : 
8 3 . 9 0 % ; H ,  5 . 1 2 % ; N ,  1 0 . 8 7 % . 
1 , 1 ' - ( 4 , 4 ' -Oxyd iphenylene ) b i s ( 5 -phenylpyrazole)  M6 
for 
C ,  
A s o lution o f  4 , 4 ' -DHDPE ( 1 . 3 5 0 2  g ,  5 . 8 6 romo l ) , PPO 
( 1 . 5 2 5 3  g ,  1 1 . 7 2 romo l ) ,  and 1 drop H 2 S04 in 9 5 % ethanol was 
refluxed for 2 4  hr . under nitrogen . The solvent was 
removed in vacuo to give 2 . 4 4  g ( 9 1 . 5 % )  of c rude product . 
Rec rystall i z ation from toluene gave 2 0 . 6  g ( 7 7 % ) o f  white 
IR (KBr ) 3 0 5 0  cm- 1  (Ar-H) , 1 5 9 5  crysta l s , mp 1 9 8 - 2 0 0 oC .  
cm- 1 overlappe d  ( C=C ) and ( C=N ) . Due to the insolub i l ity 
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o f  M6 , spectra were unobta inable . Anal . 
C ,  7 9 . 2 7 % ;  H ,  4 . 8 8 % ;  N ,  1 2 . 3 2 % .  
Found : C ,  7 9 . 3 7 % ;  H ,  4 . 9 1 % ;  N ,  1 2 . 2 7 % . 
1 , 1 ' - ( 4 , 4  ' -Methylenediphenylene ) b is ( 5 -phenylpyrazole ) M7 
A s olution of 4 r 4 ' -DHDPM ( 1 . 2 5 0 0  g ,  5 . 4 7  romo l ) , PPO 
( 1 . 4 2 3 8  g ,  1 0 . 9 4 romol ) , and 1 drop H2 S04 in 9 5 %  ethano l was 
re fluxed for 2 4  hr s under nitrogen . The s o lvent was re-
moved in vacuo to g ive 2 . 2 2 g ( 8 9 % )  of crude product .  
Recrystal l i z ation twice from toluene gave 1 . 7 0 g ( 6 8 % )  o f  
o f f  wh ite platelets , m p  2 1 7 . 5 - 2 1 9 ° C . I R  ( KBr)  3 0 5 0  cm- 1  
- 1  - 1  (Ar-H)  2 9 7 0  cm ( -CH 2 - ) , 1 5 9 5  cm overl apped ( C=C)  and 
( C=N ) • Due to the insolub i l i ty of M7 , 1 H and 1 3C NMR 
spectra were unobtainable . Anal . Calcd . for C 3 1H 2 4N 4 : C ,  
8 2 . 2 7 % ;  H ,  5 . 3 4 % ;  N ,  1 2 . 3 8 % . Found : C ,  8 2 . 2 4 % ; H ,  5 . 3 5 % ;  
N ,  1 2 . 3 5 % . 
3 , 3 ' - ( 1 , 4-Phenylene ) b i s ( 2 -phenylpyrazole)  M8 
A solution o f  1 , 4 -PPO ( 2 . 1 1 7 5  g, 1 1 . 6 2 romo l ) , phenyl-
hydraz ine ( 2 . 7 6 4 2  g, 2 5 . 5 6 romol , Aldr ich Chemical Co . ) ,  and 
1 drop H 2 S04 was r e f luxed in 9 5 %  ethanol for 2 4  hr . under a 
n itrogen atmosphe re . The solvent wa s removed in vacuo to 
give 3 . 9 4 g ( 9 3 % )  of crude product . Recrystal l i z at ion 
twice from to luene gave 2 . 8 2 g ( 6 7 % )  of off whi te crystal s ,  
mp 2 4 1 . 5 - 2 4 3 ° C .  I R  ( KBr ) 3 0 5 0  cm- 1  ( Ar-H ) , 1 5 9 5  cm- 1  over­
lapped ( C=C ) and ( C=N) . Due to the ins olub i l i ty of M8 , 1H 
and 1 3C NMR s pectra were unobtai nable . Anal . Ca lcd . for 
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C ,  7 9 . 5 3 % ;  H ,  5 . 0 0 % ; N ,  1 5 . 4 6 % . Found : C ,  
7 9 . 4 8 % ; H ,  5 . 0 3 % ;  N ,  1 5 . 3 9 % .  
3 , 3 ' - ( 1 , 3 -Phenylene ) bis ( 2 -phenylpyrazole ) M9  
A solution of  1 , 3 -PPO ( 2 . 2 1 0 7  g ,  1 2 . 1 3 rnmol ) , pheny l­
hydra z ine ( 2 . 8 8 6 0  g, 2 6 . 6 8 rnmol , Aldrich Chemical Co . ) , and 
1 drop H2 S04 wa s re f luxed in 9 5 %  ethanol for 2 4  hr . under a 
nitrogen atmosphere . The solvent wa s removed in vacuo to 
give 3 . 9 5 g ( 9 0 % )  o f  crude product . Recry s ta l l i z ation 
twice from toluene gave 3 . 0 2 g ( 7 0 % )  of o f f  white crystal s ,  
mp 1 5 3 - 1 5 4 . 5 ° C .  I R  ( KBr ) 3 0 5 0  cm- 1  ( Ar-H) , 1 5 9 5  cm- 1  over­
l apped (C=C )  and ( C=N ) . Due to the insolub i l i ty of M9 , 1H 
and 1 3C NMR s pectra were unobtainab l e . Anal . Calcd . for 
C 2 4H 1 8N4 : C ,  7 9 . 5 3 % ; H ,  5 . 0 0 % ;  N ,  1 5 . 4 6 % . 
7 9 . 5 1 % ; H ,  5 . 0 7 % ;  N ,  1 � . 4 2 % . 
Polymers 
Found : C ,  
Poly 1 , 1 ' - ( 4 , 4 ' -Oxydiphenylene ) ( 1 , 4 -phenylene ) bis ( 3 -phenyl­
pyr azole ) P I  
I n to a 5 0  roL three neck round bottom f l ask equipped 
with a mechanical s t irrer , thermometer and nitrogen inlet 
was plac ed 1 , 4-PPPO ( 1 . 8 7 6 3  g ,  5 . 6 1  rnmol )  and m-cresol ( 8  
roL ) . The s o l id s lowly d i s s o lved and 4 , 4 ' -DHDPE o 2HCl 
( 1 . 7 0 0 9  g ,  5 . 6 1 rnmo l )  was added and r insed in with 2 mL 
m-c re s o l . The sys tem was flushed with nitrogen for - 1 0  
min . Triethyl amine ( TEA) ( 1 . 2 5  g ,  1 2 . 3 4 rnmo l )  was added 
and the reaction mixture was warmed to 7 5  ° C for 2 4  hr . 
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unde r  a s tream of  nitroge n .  The po lymer wa s i s olated by 
pouring the reac tion mixture into methanol in a high speed 
b lende r .  The pale yel low polymer wa s col lected by fi ltra­
tion heated in d i s t i lled water to remove any triethy lamine 
hydrochlor ide , and heated in methanol to remove any r e s i ­
dual m-c re s o l . The po lymer w a s  dr ied at 9 5 ° C  for several 
hour s to give 2 . 8  g ( 9 7 % )  of ye l low po lymer .  The inherent 
v i s c o s i ty ( n inh ) of  a 0 . 5 % solution ( 0 . 1 0 0 0  g in 2 0 . 0  mL 
s olven t )  in  chloro form at 2 5 ° C  was 0 . 3 3 dL / g .  Transparent 
yel low f ingernai l  c rea s ible f i lms were cast from chloro-
form . I R  ( KB r )  3 0 5 0  - 1  ( Ar-H ) , 1 5 9 5  - 1  overlapped cm cm 
( C=C ) and ( C=N ) • 1H NMR ( CDCl 3 ) I) 6 . 9- 7 . 8  (m,  aromatic H) . 
1 3C NMR ( CDCl 3 ) 1 0 5 . 2  ppm ( C - 4  pyrazole r ing ) , S FORD 
doublet . 
Poly 1 , 1 ' - ( 4 , 4 ' -Oxydiphenylene ) ( 1 ,  3 -phenylene ) b i s  ( 3 -phenyl­
pyrazo l e )  P 2  
Polypyrazole ( P 2 )  w a s  prepared a s  previou s ly described 
for PI from 1 , 3 -PPPO ( 2 . 2 1 8 2 g ,  6 . 6 3 romol ) ,  4 , 4 ' -DHDPE· 2HCl 
( 2 . 0 1 1 4  g, 6 . 6 3 romo l ) , and TEA ( 1 . 5  g, 1 4 . 8  romo l )  in m-
cresol ( 1 7  roL ) . The react ion was heated at 1 0 0 ° C  for 24 hr 
under nitrogen . The po lymer was i solated as descr ibed for 
PI to give 3 . 9 5 g ( 9 8 % )  o f  yellow polymer . The n · h o f  a �n 
0 . 5 % solution in chloroform was 0 . 3 1 dL/ g .  Transparent 
yel low f ingernai l  c reas ible f i lms were cast from chloro-
form . I R  ( KB r )  3 0 5 0  - 1  cm ( Ar-H)  , 1 5 9 5  - 1  cm overlapped 
( C=C ) and ( C=N ) . 1H NMR ( CDC I3 ) I) 6 . 7- 7 . 8  ( m ,  aromatic H) . 
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1 3  C NMR ( CDC 1 3 ) 1 0  5 1 ( C  4 1 ' ) . ppm - pyrazo e r�ng I SFORD 
doublet . 
Poly 1 / 1 ' - ( 4 , 4 ' -Methylenediphenylene ) ( 1 , 4 , -phenylene ) bis ( 3 -
phenylpyrazole ) P 3  
The polypyrazole P3  was obtained from 1 , 4 -PPPO 
( 1 . 3 7 7 2  g ,  4 . 1 1  rnrnol ) , 4 ,  4 ' -DHDPM· 2 HC l ( 1 . 2 4 0 6  g ,  4 . 1 1 
rnrno l )  and TEA ( 0 . 9 2  g ,  9 . 1  rnrno l )  in m-cresol ( 1 4 mL ) as 
previously descr ibed for P l . The reaction was heated at 
8 5 ° C for 4 8  hr unde r nitrogen . The polymer was iso lated as 
previou s ly descr ibed to give 2 . 4  g ( 9 7 % )  of yel low polymer . 
The n .  h o f  a 0 . 5 % solut ion in chloroform was 0 . 2 0  dL / g .  �n 
Transparent ye l l ow britt le fi lms could be cast from chloro-
form . I R  ( KBr ) 3 0 5 0  - 1  ( Ar-H)  I 2 9 7 0  
- 1  ( -CH 2 - )  , 1 5 9 5  cm cm 
- 1  cm overlapped (C=C )  and ( C=N ) . 1H NMR ( CDC 1 3 ) 0 3 . 9 ( 2H ,  
5 ,  -CH - )  2 I 0 6 . 8 - 7 . 8  ( 2 4 H ,  m ,  aromatic H)  . 
1 3C NMR 
( CDC1 3 ) 4 0 . 9  ppm ( -CH 2 - )  I S FORD triplet ; 1 0 5 . 2  ppm ( C - 4  
pyra z o le ring ) , SFORD doub let . 
Poly 1 , 1 ' - ( 4 , 4 ' -Methyl enediphenylene ) ( 1 / 3 -phenylene ) bis ( 3 -
phenylpyrazole ) P 4  
Po lypyrazole P 4  was obtained from 1 , 3 -PPPO ( 2 . 2 9 4 4  g ,  
6 . 8 6  rnrnol ) , 4 , 4 ' -DHDPM · 2HCl ( 2 . 0 6 7 0  g ,  6 . 8 6 rnrnol )  and TEA 
( 1 . 5  g ,  1 5  rnrnol )  in m-cre 501 ( 2 0 mL) a s  previou s ly de-
scr ibed for Pl . The reac tion mixture was heated at 8 5 ° C  
for 4 8  h r  under nitroge n .  The polymer w a s  i s olated as 
previou s ly descr ibed to give 4 . 0  g ( 9 7 % )  o f  yel low po lymer . 
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The n inh o f  a 0 . 5 % solution i n  chloro form at 2 5 ° C was 0 . 2 3 
dL/ g .  Transparent yel low brittle films were cast from 
chl oro form . IR (KBr ) 3 0 5 0 cm- 1  (Ar-H ) , 2 9 7 0  ( -CH 2- ) , 1 5 9 5  
- 1  1 cm over l apped ( C=C) and ( C=N ) . H NMR (CDC 1 3 ) 6 3 . 9  ( 2H ,  
s ,  -CH 2 - ) , 6 6 . 8 - 7 . 8  ( 2 4H , m ,  aromatic H ) . 1 3c NMR ( CDC1 3 ) 
4 0 . 8  ppm ( -CH 2- ) , S FORD triplet ; 1 0 5 . 1  ppm ( C - 4  pyrazole 
ring) . SFORD doub l et . 
Po ly 1 , 1 ' - ( 4 , 4 ' -Sul fonyldiphenylene ) ( 1 , 4 -phenylene) b i s ( 3 -
phenylpyraz o l e ) P 5  
Po lypyrazole P 5  was obtained from 1 , 4-PPPO ( 1 . 1 8 4 5  g ,  
3 . 5 4  romol ) and 4 , 4 ' -DHDPS ( 0 . 9 8 6 0  g ,  3 . 5 4 romo l )  in �-cresol 
( 1 1  roL )  a s  previous ly described for P l . The reaction mix­
ture was heated to 1 2 0 ° C for 7 2  hr under nitrogen . The 
polymer was i s o l ated a s  previous ly described to give 1 . 9 4 g 
( 9 5 % )  o f  ye l l ow polymer . The n ·  h o f  a 0 . 5 % solution in �n 
chloro form at 2 5 ° C  was 0 . 1 5 dL / g .  IR  ( KBr)  3 0 5 0  cm- 1  (Ar-
H ) , 1 5 9 5  cm- 1  overlapped (C=C ) and ( C=N ) . 1H NMR ( CDC1 3 ) 6 
6 . 8- 7 . 8  ( m ,  aromatic H ) . 1 3c NMR ( CDC 1 3 ) 1 0 3 . 8  ppm ( C - 4  
pyraz o l e  r ing) , SFORD doub let . 
Poly 1 , 1 ' - ( 4 , 4 ' -Sul fonyldiphenylene ) ( 1 ,  3 -phenylene ) bis  ( 3 -
phenylpyr a z ol e ) P 6  
polypyrazole P 6  wa s obtained from 1 , 3 -PPPO ( 1 . 1 0 1 6  g ,  
3 . 2 9 romol )  and 4 , 4 ' -DHDPS ( 0 . 9 1 7 0 g ,  3 . 2 9 romo l )  in  m- cresol 
( 1 2  roL) a s  previous ly described for P l . The reaction 
mixture was heated to 1 2 5 ° C  for 7 2  hr under nitrogen . The 
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polymer was iso lated as previous ly de scribed to give 1 . 8  g 
( 9 6 % )  o f  yellow polyme r .  The n . h o f  a 0 . 5 % solution in l.n 
chloro form at 2 5 ° C wa s 0 . 1 3 dL / g .  IR  (KBr ) 3 0 5 0  cm- 1  
- 1  1 (Ar-H ) , 1 5 9 5  cm overlapped ( C=C ) and ( C=N) . H NMR (CDC l 3 ) 
cS 6 . 8 - 7 . 8  ( m ,  aromatic H ) . 1 3C NMR ( CDCl 3 ) 1 0 3 . 9  ppm (C-4 
pyrazole r ing) , SFORD doublet . 
Poly 1 , 1 ' - ( 4 , 4 ' -Oxydiphenylene ) ( 1 , 4 -phenylene ) bispyrazole 
P 7  
I nto a 5 0  mL three neck round bottom flask equ ipped 
with a mechanical s t i rrer , thermometer , and nitrogen inlet 
wa s placed 1 , 4 -PPO ( 1 . 0 2 1 8  g, 5 . 6 0 mmol ) ,  �-cresol ( 2 2 mL ) , 
and 1 drop concentrated sul furic ac id . The s o l id d i s solved 
at room temperature and the solution was cooled to 0 ° C . 
4 , 4 '  -DHDPE ( 1 .  2 9 1 3  g ,  5 . 6  mmo l )  was added and r insed in 
with an additiona l m-cresol ( 2 2  mL ) . The solution wa s kept 
at O ° C for 1 hr and then s lowly allowed to warm to room 
temperature .  The temperature was gradual ly increased to 
8 0 ° C  and held for 1 hr The highly v i scous solution was 
poured into methano l in a high s peed blender to prec ipitate 
the polyme r . The l ight brown po lymer was c o llected by 
fi ltration , then heated in methano l to remove re s idual 
�-cresol , col lected , and dried at 9 5 ° C  to give 2 . 0 5 g ( 9 8 % )  
o f  tan polymer .  The n .  h o f  a 0 . 5 % solution i n  concentrat­l.n 
- 1  e d  sul fur i c  acid a t  2 5 ° C  was 1 . 0 5 dL / g .  I R  ( KBr ) 3 0 5 0 cm 
(Ar-H) , 1 5 9 5  cm- 1  overl apping ( C=C ) and ( C=N ) . Due to the 
insolub i l i  ty o f  the polymer 1H and 1 3C NMR spectral data 
were not obtainable . 
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Poly 1 , 1  ' - ( 4 , 4  ' -Oxydiphenylene ) ( 1 , 3 -phenylene ) b i spyrazole 
P 8  
Polypyra z o le P 8  was prepared as previous ly described 
for P7 from 1 , 3 -PPO ( 0 . 9 5 4 3  g ,  5 . 2 4 romol ) , 4 , 4 ' -DHDPE 
( 1 . 2 0 7 2  g ,  5 . 2 4  romo l ) , and m-cresol ( 2 0 mL ) to give 1 . 9 4 g 
( 9 9 % )  o f  ye l l ow polymer . The n inh o f  a 0 . 5 % s olution in 
N , N-dimethylacetamide ( DMAc ) at 2 5 ° C  was 0 . 5 1 dL / g .  Trans­
parent amber fingerna i l  creasible f i lms were cast from 
DMAc . I R  (KBr ) 3 0 5 0  - 1  ( Ar-H ) , .ern 
( C=C ) and ( C=N ) . 1H NMR ( DMSO-d 6 ) 15 
H )  . 
Poly 1 , l ' - ( 4 , 4 ' -Me thylenediphenylene ) 
pyrazole P9  
1 5 9 5  - 1  cm overlapped 
6 . 9 - 7 . 8  ( m ,  aromatic 
( 1 ,  4 -phenylene ) bis-
Polypyrazole P 9  wa s prepared a s  previous ly descr ibed 
for P7  from 1 , 4 -PPO ( 0 . 9 2 3 0  g ,  5 . 0 6 romol ) , 4 , 4 ' -DHDPM 
( 1 . 1 5 6 7  g ,  5 . 0 6 romo l ) , and �-cresol ( 3 5  mL ) to g ive 1 . 8 4 g 
( 9 7 % )  o f  l ight brown po lyme r . The n inh o f  a 0 . 5 % solution 
in concentrated sul fur ic acid at 2 5 ° C  was 0 . 5 4 dL / g .  I R  
( KB r )  3 0 5 0  - 1  cm ( Ar-H ) , 2 9 7 0  - 1  cm 1 5 9 5  - 1  cm 
overlapping ( C=C ) and ( C=N) . Due to the insolub i l ity o f  
the po lymer 1 H and 1 3C NMR spectral data were not obtain-
ab le . 
Poly 1 , l ' - ( 4 , 4 ' -Methylenediphenylene ) ( 1 ,  3-phenyl ene ) bis-
pyrazole P 1 0  
Po lypyrazole P 1 0  was prepared a s  previous ly described 
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for P 7  from 1 , 3 -PPO ( 1 . 2 3 4 2  g ,  6 . 7 7 romo l )  4 , 4 ' -DHDPM 
( 1 . 5 4 6 6  g ,  6 . 7 7 romo l ) ,  and m-cresol ( 3 5 mL ) to give 2 . 4 3 g 
( 9 6 % )  o f  yel l ow polyme r . The n inh of  a 0 . 5 % solution in 
DMAc at 2 5 ° C was 0 . 3 3 dL / g .  I R  ( KBr)  3 0 5 0  cm- 1  ( Ar -H ) , 
- 1  - 1  2 9 7 0  cm ( -CH 2 - ) , 1 5 9 5  cm overlapping (C=C ) and (C=N ) . 
I H NMR ( DMSO-d 6 ) I) 3 . 9 ( 2H ,  s ,  -CH2 -) , I) 6 . 8 - 7 . 8  ( 1 6H ,  m ,  
aromatic H )  . 
Poly 1 , 1 ' - ( 4 , 4 ' -Sul fonyldiphenylene ) ( 1 , 4 -phenylene ) b i s -
pyra z o l e  P l l  
Polypyra z o le Pll  was prepared as previou s ly described 
for P7 from 1 , 4 -PPO ( 0 . 6 8 2 4  g ,  3 . 7 4 romol ) , 4 , 4 ' -DHDPS 
( 1 . 0 4 2 6  g ,  3 . 7 4 romol ) ,  and �-cre sol ( 1 5  mL) to give 1 . 5 4 g 
( 9 7 % )  o f  l ight brown po lymer . The n inh o f  a 0 . 5 % solution 
in DMAc at 2 5 ° C  was 0 . 6 0 dL / g .  Transparent brown brittle 
f i lms were cast from DMAc i X-ray dif fraction indicates 
s light crystall inity . 1 - 1  IR  ( KBr ) 3 0 5 0  cm- ( Ar-H ) , 1 5 9 5  cm 
over l app ing ( C=C ) and ( C=N ) . IH NMR ( DMSO-d6 ) I) 6 . 6 - 7 . 9  
(m , aromatic H ) . 1 3C NMR ( DMSO-d6 ) 1 0 9 . 4  ppm ( C - 4  pyrazole 
r ing) , SFOR doublet . 
Poly 1 , 1 ' - ( 4 , 4 ' -sulfonyldiphenylene ) ( 1 , 3-phenylene ) bis-
pyra z o le P 1 2  
po lypyrazole P 1 2  was prepared a s  previou s ly descr ibed 
for P7 from 1 , 3 -PPO ( 1 . 4 5 6 6  g ,  7 . 9 9 romol ) ,  4 , 4 ' -DHDPS 
( 2 . 2 2 5 4  g ,  7 . 9 9  romol ) , and m-cresol ( 2 7 roL) to give 3 . 2  g 
( 9 5 % ) o f  yellow polyme r . The n inh o f  a 0 . 5 %  s olution in 
9 0  
DMAc a t  2 5 ° C was 0 . 3 1  dL ! g . Brittle f i lms were cast from 
DMAc . I R  ( KB r )  3 0 5 0  cm- 1  ( Ar-H ) , 1 5 9 5  cm- 1  overlapping 
( C=C ) and ( C=N) . 1 H NMR ( DMSO-d6 ) 0 6 . 6 -7 . 9  ( m ,  aromatic 
H ) . 1 3C NMR ( DMSO-d 6 ) 1 0 9 . 3  ppm ( C- 4  pyrazole ring ) , SFORD 
doub l et . 
Fracti onation o f  Polypyrazole PI  
Into a 5 0  mL beaker was p laced 1 . 0 g o f  po lypyraz ole 
PI , ( n i nh i n  CHC l 3 at 2 5 ° C  was 0 . 3 3  dL ! g )  and �-creso l ( 5  
mL) • The mixture was warmed unt i l  the polymer d i s s o lved 
and toluene ( 5  mL ) wa s added . The po lymer remained in 
solution and the mixture was a l lowed to cool to room 
temperature . Acetone was added dropwi se unti l  the mixture 
became c l oudy . The turbid s o lution was a l l owed to s tand 
for 2 4  hr . to y i e ld a gummy prec ipitate . The s o lvent was 
decanted and the tacky po lymer dr ied to give 0 . 3 3  g ( 3 3 %  
recovery ) o f  yel low po lymer . The n .  h o f  thi s  fraction of �n 
polypyrazole P I  i n  CHC l 3 a t  2 5 ° C  was 0 . 4 1 dL ! g .  
Uncyc l i z ed P o lyme r  
Into a 5 0  mL three neck round bottom f lask equipped 
with a mechani c a l  s t i rrer , thermometer , and nitrogen inlet 
was p laced 1 , 4 -PPO ( 1 . 7 4 9 8  g, 9 . 6  mmo l )  and m-cresol ( 1 5 
rnL ) . Afte r the s o l i d  d i s s o lved 4 , 4 ' -DHDPS ( 2 . 6 7 2 0  g ,  9 . 6  
mmo l )  was added and rinsed in with an additional �-cre sol 
( 1 5  mL ) . After 8 hr at room temperature the highly v i s c ous 
so lution was poured i nto methanol in a high speed blender , 
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f i l tered , and dried at room temperature to give 4 . 3  g ( 9 7 % )  
o f  b r i ght yel low polyme r .  The n inh o f  a 0 . 5 % so lution in 
m-cresol at 2 5 ° C was 0 . 3 5 dL / g .  IR ( KBr)  3 3 5 0  cm-l ( N-H) , 
1 6 8 0  cm- l  ( C=O) . 
This polymer wa s cyc l i z ed by both chemical and 
therma l methods . The po lymer ( 1 . 0  g )  was cyc l i zed chemi­
c a l ly by d i s so lv ing it in concentrated sul furic acid and 
pouring the s olution into ice water to give 0 . 9 0 g  ( 9 7 % )  o f  
tan polyme r . 
was 0 . 4 3 dL / g .  
( C=N)  . 
The n · h o f  a 0 . 5 % solution in DMAc at 2 5 ° C  �n 
IR ( KBr ) 1 5 9 5  cm- l  overlapping ( C=C ) and 
The polymer , P I ,  ( 1 . 0  g )  was d i s s o lved in �-cre sol ( 5  
mL )  and heated to 1 1 0 - 1 2 0 ° C  for 3 - 4  hr under nitroge n .  The 
po lymer wa s i s o lated by pouring the s olution into methanol 
in a h igh speed bl ender , f i ltered , and dried to give 0 . 8 8 g 
( 9 6 % )  o f  l i ght tan po lymer . The n inh o f  a 0 . 5 % solution in 
DMAc at 2 5 ° C  was 0 . 5 0 dL / g  I R  ( KB r )  1 9 5 9  cm- l  overlapping 
( C=C ) and ( C=N ) . The I R  spectrum o f  each polymer ( chemi­
c a l ly and therma l ly cyc l i z ed )  were e s s ent i a l ly identical 
and were very s imilar to thos e  o f  other po lypyrazoles ( see 
Appendix ) . 
PART 2 
ACETYLENE TERMINATED ASPARTIMIDES 
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INTRODUCTION 
Reactive o l igomer s  are de fined as low mol ecular 
weight c ompounds that contain therma lly reactive end 
groups . The thermally reactive end groups , when heated , 
s erve to cha in extend , cro s s l i nk ,  branch , and incre ase the 
rigidity o f  the material . Generally , the end groups are 
l imited to functiona l i ties that can react by add i tion 
without the evolution of volat i le by-products . A wide 
var iety of functional groups have been utili zed to a f fect 
chain extens ion and cros s l inking in various ol igomeric 
sys tems . Some of the functiona lities ut i l i z ed inc lude ; 
acetylene ( 6 0 ) , phenylacetylene ( 6 1 ) , cyanates 
epoxide ( 6 3 )  , cyanamides ( 6 4 )  , b i s -maleimide s 
norbornene ( 6 6 ) , and cyc lobutanes ( 6 7 ) . 
( 6 2 )  , 
( 6 5 )  , 
Reactive o l i gomer s  o ffer several proce s s i ng advan­
tag e s  when compared to conventional thermoplastic polymer 
systems . The se advantages inc lude ; overall milder proce s s ­
ing conditions , s ince the materials  are o f  low mo lecular 
we ight they me lt at lower temperature s ,  they have lower 
me lt viscos ities , and they require l e s s  pres sure when 
mo lding than thermoplastic polymer systems . In  addi tion , 
no volat i l e  by-products , which can cause defects in mold­
ings and compos ite s , are released dur ing cure . In general , 
de fect- free mold ings and compo s ite s are more read i ly 
fabr icated from the se systems . Reactive oligomeric 
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mate r i al s , once cured , have excel lent solvent and moi s ture 
res i s tance pre sumab ly due to high cros s l ink den s i ty .  
Some disadvantages may be as soc i ated with react ive 
ol igomer ic sys tems when compared to thermoplastic polymers . 
Thes e  disadvantages are as fol lows ; s ince the functional 
groups used for chain extens ion are reactive , the materials 
may have short she l f  l ives . Also the neat , cured mater i a l s  
a r e  o ften quite brittle ( le s s  tough ) and the long term 
thermooxidative stab i l i ty i s  usua l ly lower when compared to 
thermopl a s t ic polymers . To improve the toughne s s  o f  these 
mater i al s , plastic i z er s  or elastomers are o ften added . In  
addi t ion , reactive oligomer s  are often blended with h igher 
mol ecular we ight thermoplastics that have a l so been ter­
minated with reactive funct ionalities  to provide toughened 
cro s s l inked sys tems with improved solvent and mo i s ture 
res i s tance upon cur ing: 
RESEARCH AIM 
Previous inve stigators ( 6 8 - 7 ? )  have found that the 
use o f  acetylene terminated o l i gomers as compos i tes , 
adhe s ive s , and moldings has resulted in components with 
de s irable properti e s . The se properti e s  include improved 
moi sture , solvent , and creep res i s tance . Also , the se 
o l i gomeric materials  are more eas i ly fabricated into defect 
free components . The toughnes s  o f  the se materials  can be 
readily improved by blending technique s .  I n  addition , the 
thermal stab i l i ty of the cured materials  is generally good . 
Many types of  h igh per formanc e / high temperature 
ol igome r i c  and polymeric mater i a l s  have been prepared which 
contain terminal acetylene groups . The first report ap­
peared in 1 9 7 4  where thi s  technol ogy was applied to the 
preparation of imide ol igomers ( 7 6 ) . S ince then , the 
thermal reaction of acetylene groups has been used to chain 
extend and c ro s s l i nk o l i gome r ic phenylenes ( 6 0 ) , phenyl­
quinoxal ines ( 7 7 , 6 1 ) , ether ketone su1 fone s ( 7 8 ) , phenyl­
as -tri az ines ( 7 9 ) , polyimides ( 8 0 ) , polysul fone s ( 7 3 , 8 1 ) , 
and polyary1 ates ( 8 2 ) . One system that has not been 
prepared is polymeric or o l igomeric aspartimide s with 
terminal acetyl ene group s . 
Acety lene terminated aspartimides ( ATA ' s )  wi l l  be 
prepared by the Michae l-type addition of aromatic diarnines 
to N- ( 3 -ethynylphenyl ) ma leimide (NEM ) ( F igure 2 3 ) . The 
novel compound NEM was prepared by the condens at ion of  
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2 HC 5c©-9 
o 
HC =C�N!rHN-A'-N HA � - QJ Y yN QJ C =C H 
Ar = arylene 
• = chiral carbon 
o 0 
F igure 2 3 . P reparation o f  Acetylene Terminated 
Aspartimides . 
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3 - aminophenylacety lene with ma leic anhydride ( F igure 2 4 ) . 
The use o f  various aromatic diamine s allows for s tructural 
variation s . S ince a chiral carbon i s  created dur ing 
add ition the ATAs were i solated as a mixture of s tereo­
isome r s . I t  i s  pre sumed that the pres ence o f  stereoi somers 
( enantiome r s  and diastereomers ) served to lower and broa�en 
the me l ting points of the ATA ' s ,  thereby broadening the 
proc e s s i ng temperature range . Us ing a DSC the heats of  
reaction ( �H ' s ) o f  the ATAs were determined . Thi s  pro j ect 
was per formed at the NASA-Langley Re search Center , Hampton , 
VA , under the d irection o f  P . M .  Hergenrother , Senior 
Polymer Sc ient i s t  dur ing a one year period . 
HC::C-©-NH2 
+ 
o 
H I I  HC::C-rQr t(�) l8JHO-C I I  o 
l-H,o o 
HC=C-©-<> o 
N E M  
F igure 2 4 . Preparation o f  NEM . 
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BACKGROUND 
The acetylenic group can re act under cationic , coordina­
tion , free radical , photolytic , and thermal inducement . 
Thi s  d i s cu s s ion deal s only with the therma l ly induced 
reaction o f  the acetylenic group leading to cha in exten­
s ion , branchi ng , cross linking , and increased rigidity . 
Although extens ive research has been done on the therma lly 
induced react ion mechani sm o f  acetylene compounds as we l l  
as acety lene term inated o l igomers , i t  s t i l l  seems unc lear 
( 8 3 - 9 0 ) • The reaction i s  very complex leading to the 
format ion o f  dimer s ,  tr imer s ,  tetramers as minor components 
and h igh mo lecular we ight materials  ( polyme r i c )  as ma j or 
components . No one mechani sm has been able to succe s s fully 
account for the wide variety o f  product s  formed . I t  should 
be mentioned that the mode l  compound s tudies serve only as 
a guide and not a d i rect corre lation to the product formed 
from the thermal po lyme r i z ation of an acetylene terminated 
o l igome r . The latter could exh ib it s igni ficant d i f ference s 
in reaction re lative to a mode l compound due to differences 
such a s  molecular mobi l i ty and acetylene dens ity . Even 
though the mechani sm and the s tructure of the final 
po lymeric product are not we ll character i z ed ,  the therma l ly 
induced polyme r i z ation i s  repeatable and des i rable 
properties are obtained from these type of s ystems . The 
thermal reactions of terminal acetylenes are irreve r s ible 
and the acetylene bands are absent in the IR spectrum 
9 9  
1 0 0  
o f  the final product . Typically , no Tg i s  evident after 
cure s i nce the mate r i a l s  are h ighly c ros s l inked . 
Al though the synthe s i s  o f  ATA ' s  has not been report­
ed , the preparati on of l i near poly ( aspartimide s )  v i a  the 
Micha e l  add i tion reaction of aromatic diamine s with b i s -
(ma l e imide s )  f i r s t  appe ared in 1 9 7 3  ( 9 1 )  ( F igure 2 5 ) . The 
poly ( aspartimides ) were prepared in m-cresol containing a 
c atalytic amount o f  acetic acid by heating the reaction 
mixtures to 1 1 0 ° C  for 3. days under nitrogen . The polymers 
produced had intr i n s ic viscosities that ranged from 0 . 2 5 to 
0 . 6 6 dL / g ,  and were so luble in �-creso l , N , N-dimethyl forma­
mide ( DMF ) , and DMAc . The po lymers had so ftening points 
between 2 1 0  and 3 0 0 ° C  depending on the backbone s tructure . 
Yellow ,  tran sparent , flex ible f i lms , which showed a yield 
s tre s s  o f  1 3 , 5 0 0  p s i , ult imate s tr e s s  of  1 3 , 7 0 0  ps i ,  and an 
e longation to break o f  5 . 5 % ,  were obtained by solution 
cast ing from DMF . Ten s ile bar moldings had a flexural 
s trength of 2 0 , 0 0 0  p s i  and a flexura l  modu lu s of 4 . 5  x 1 0 5 
ps i .  When subj ected to TGA the po lymers showed decompos i ­
t i o n  temperatures near 3 5 0 ° C  in both air and nitrogen and 
the author ( 9 1 )  s ugge s ted that the rever sal o f  the M ichael 
add i t ion is a l ikely pathway of  decompos it ion and frag-
mentation . 
In  Cr ive l l o ' s  ( 9 1 )  work a kinetic s tudy was under­
taken to determine the nature of the reaction and to gain 
i n formation concern ing the reaction mechanism. A mechanism 
was proposed ( F igure 2 6 )  and certain Lewi s ac ids , s trong 
+ 
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N-R-ONH- M- NH-t 
O I I  o fI. 
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Figure 2 5 . Preparation o f  Poly ( aspartimide s )  
by Crivello ( 9 1 ) . 
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• = chiral carbon 
Figure 2 6 . Mechanism o f  addition o f  ani l ine to 
N-pheny lmal e imide as proposed by Crive llo ( 9 1 ) . 
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protonic acids , and base s were found not to exhibit cata-
lyt ic act ivity . Weak protonic acids , such as acetic , 
propi onic , tri fluoroaceti c ,  formic , and ma leic acid were 
shown to have a marked catalyt ic e f fect on the reaction , 
even at room temperature . At r e f lux in acetic ac id , the 
reaction of ani l ine and N-pheny lma le imide reached a 9 0 %  
conver s i on t o  product i n  5 minute s .  
I n i t i a l  work on ATA ' s was per formed at NASA-Langley 
Rese arch Cente r . An ATA was prepared by the Michael type 
addi tion o f  3-aminophenylacetylene to N ,  N '  -bi s-maleimido-
4 , 4 ' -dipheny lmethane in �-cresol containing - 4 %  acetic acid 
a s  catalys t ( 9 2 )  ( F igure 2 7 ) . The reactions were heated to 
1 1 0 ° C for 48 hr under nitrogen and a near quantitative 
yield o f  l ight yel low solid was obtained which was a mix-
ture o f  £, 1:., and me so stereoisomers ( 9 2 ) . The ATA was 
blended with equal we ights of an acetylene terminated 
polysul fone with number average molecular weights (M  ) of n 
2 6 5 0 , 4 0 0 0 , 8 8 9 0 , and 1 2 , 0 0 0  g/mole . The resul ting blends 
were fabr icated i nto molding s , adhe s ive spec imens and 
compos ite matrices ,  and the mechanical properties were 
determined . Once these b lended materials  had been heated 
to 3 0 0 ° C ,  no Tg or acetylenic exotherm was evident in the 
DSC thermogram indicating that the reaction had gone to 
completion . The resulting mechanical properties were 
exce l lent . The blends exhibited improved toughne s s  and 
solvent res i s tance to methylene chlor ide , and the compos ite 
properties of the 8 8 9 0  g /mole b lend compared favorab ly with 
• 2 HzN1§rC-=cH 
m - cresol 
acet ic 
acid 
F i gure 2 7 . Preparation o f  Ac etylene Terminated 
Aspartimides by Hergenrothe r and coworker s  ( 9 2 ) . 
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tho se o f  a s tate-of-the-art epoxy system . The neat ATA 
compound once cured was re latively brittle . However it was 
les s brittle than Kerimid 3 5 3 , a commerc i al ly ava i lable 
thermoset r e s i n  con s i s ting of  a mixture of  b ismaleimide 
i s ome r s . The thermal stab i l i ties of the se two materials  as 
mea sured by TGA and ITGA we re e s s enti a l ly equal . 
RESULTS AND DI SCUSS ION 
Diamine s 
The aromatic d iamines used to prepare the ATA ' s  were 
commercially avai lable with the exception of 4 , 4 '  -bis ( 4 -
aminophenoxyphenyl )  sul fone . Thi s  diamine was prepared by 
reacting the potas s ium salt o f  4-aminophenol with 4 -chloro­
phenylsul fone in DMAc under anhydrou s cond itions . After 
workup the c rude produc t  wa s recrys tallized from I-butanol 
to af ford the material in 8 0 %  y ie ld . The IR spectrum as 
wel l  as the me l ting point agree we l l  with the literature 
( 9 3 )  repor t .  
Male imide 
N- ( 3-Ethynylpheny l ) ma leimide ( NEM) was prepared by 
the c ondensation of c ommerc ially avai lable 3-aminophenyl-
acety lene and maleic anhydride . The two s tep react ion 
involves the addition of the amine to one of  the anhydr ide 
carbony l carbons to form an amide acid . The second s tep , 
cyc lodehydration , was accomp l ished with acetic anhydr ide 
and a catalyt ic amount of nickel ( I I )  acetate ( F igure 2 4 ) . 
The reaction was carr ied out in dry DMAc , s tarting at ice 
bath temperatures and gradually increas ing the temperature 
to 2 5 ° C .  The rationale in employing the se conditions was 
based on genera l i z ations derived from the lite rature ( 9 4 ) . 
Mal e ic anhydride is  susceptible to nuc leophilic attack at 
the carbonyl carbon s as wel l  as the vinyl carbons . I t  is  
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known that weak protic acids s ign i ficantly catalyz ed the 
add i tion o f  amines to the 8 vinyl carbon (Michae l addi -
tion)  . Increas ing temperature a l so favors thi s  reaction . 
The use of dry aprot ic s o lvent and low temperature s was 
the re fore anticipated to discourage the formation o f  
Michael adduct s  and thereby enhance the yield of  NEM . NEM 
was obtained in S O %  yield a fter recrysta l l i z at ion from 
methanol , mp 1 2 9- 1 3 1 ° C .  The IR spectrum showed absorption s 
characte r i s tic o f  the acetylene carbon hydrogen stretch at 
3 2 6 5  cm- 1 , acety lene carbon carbon s tretch at 2 1 1 0  cm-1  and 
the c arbonyl carbons at 1 7 S 0  and 1 7 2 0  cm - 1 . The 1H NMR 
spectrum showed resonances characteri stic of  an acetylene 
proton at 0 3 . 1 ,  the alkene protons of  the maleimide ring at 
o 6 . S ,  and aromatic protons at 0 7 . S .  
Acetylene Terminated Aspartimides 
The fac i l e  add ition o f  nucleoph i l e s  to the double 
bond o f  male imide compounds i s  wel l  known and has been 
extens ively s tudied ( 9 5 ) . S tudi e s  o f  the reaction of  
a l iphatic primary and secondary amine s with ma leimide 
compounds have shown that these reactions often give r i s e  
t o  comp lex and i l l-de fi ned products ( 9 6 - 1 0 2 ) . Crive l lo 
carr ied out inves tigations o f  the reaction o f  ani l ine with 
N-phenylma le imide to determine the e ffects o f  s o lvent , 
t ime , and temperature on the produc t formed . Initial work 
showed that th i s  react ion proceeds s lowly in the me lt at 
1 5 0 ° C  to g ive the Michael add ition product , N , N ' -diphenyl-
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aspartimide , a s  the sole product . After 1 hr unde r the se 
cond i tions , only approximately 3 0 %  convers ion to product 
had occurred . Increa s i ng the polarity o f  the solvent was 
shown to i ncrease the rate o f  reaction , and weak protonic 
acid s  were shown to have a marked catalytic e f fect on the 
reaction . At re flux in acetic acid , the reaction. of 
ani l ine and N-phenylmale imide reached a 9 0 %  conversion to 
product in only 5 min . 
The ATA ' s  were prepared by the Michael addi tion o f  a 
series o f  pr imary aromatic diamine s to two moles of  NEM in 
g lac ial acetic a c id . The reactions were heated at re flux 
under ni trogen for 2 4  hr . They proceeded smoothly and in 
high y ie ld . The product s  were obtained a s  a mixture of  
stereoi s omer s  s ince a chiral carbon i s  created dur ing 
add ition . I n  the case of  � ,  prepared from NEM and anil ine , 
a mixture o f  enantiomer s  i s  obtained ( F igure 2 8 ) . Compound 
2 was recrysta l l i z ed from 1 , 2 -dichlorobenz ene to g ive l ight 
tan crystals  and was the only ATA prepared that mel ted over 
a typical 2 ° C  r ange . The remaining ATA ' s i solated had 
broad mel t ing point s , presumab ly due to the pre sence of  
several s tereo i s omers ( enantiomers , dias tereomer s ,  and me so 
compounds )  . 
The ATAs (,l ,l-.§) were prepared from diamine s that 
contained a center of symmetry ( symmetrical diamines ) .  
Th i s  center o f  symmetry from the diamine i s  carried over to 
the ATA ( F igure 2 9 ) . S ince two chiral centers are formed 
for each produc t ,  four stereoi somers are theoretically 
o 
" 
1 
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o 
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. = chiral carbon 
Figure 2 8 . Prepar a t i on o f  � .  
1 0 9  
A r  = 
2 HC=C©-¢ 
o 
1 
HC=C�NAHN-A'-N HA � - Q; Y yN G C=CH o 0 
• = chiral carbon 
-@<Hr@-. -@-o-@-. -@-sor@-. 
1 3 - - ! 
-@-o-@-sor@-o-@-. 6 
o 
1Qro-©-�-©r1Qr 5 
F igure 2 9 . P reparat ion o f  1 ,  3 - 6 . 
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pos s ible . I n  the compounds that have a center o f  symmetry , 
two o f  the four s tereoi somers pos s ible are supe rimposable 
on the ir mirror images (me s o  compound ) , so the ATAs pre­
pared from symmetrical diamines were isolated as a mixture 
of �, l, and meso s tereoisomer s .  Apparently , the pre sence 
of s tereoi somers served to suppr e s s  and broaden the me Lt ing 
points of the ATAs , mos t  of them me lting near 1 1 0 ° C  over a 
5 - 7 ° C  range , with the exception of  �, which me lted at 
1 7 3 - 1 7 5 ° C .  Compound 2 was presumab ly iso lated a s  a mixture 
of e ight s tereoi somers s ince it contained three chiral 
centers ,  one of wh ich was initially present in the diamine 
moi e ty ( F igure 3 0 ) . The ATA ' s  l,  and l-2 were recrystal-
l i z ed from methanol to obtain ana lyt ical samples , although 
the y i e lds were moderate ( 5 0 % )  and the solids obtained were 
broad me l t ing , presumab ly due to the presence of stereo-
i s omer s  ( enantiome r s , diasteriomers , and me so compound ) . 
The elemental ana lyses are presented in Table 7 .  
The I R  spectra of  the ATAs showed absorptions charac­
ter i s t i c  of the amino group , appear ing as a broad s inglet 
- 1  the acetylene moiety 3 2 7 5  - 1  and near 3 3 4 0  cm near cm 
2 1 1 0  - 1  and two carbonyl bands characteristic of  imides cm , 
near 1 7 8 0  and 1 7 1 5  - 1  cm In general the I H  NMR spectra o f  
the ATAs in DMSO-d6 showed resonances characteristic of  
acety lene proton near 0 3 . 2 ,  the amino proton as a doub let 
around 0 6 . 0 ,  and aromatic protons from 0 6 . 5  to 7 . 5 .  
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F igure 3 0 . Preparation o f  7 .  
TABLE 7 
ELEMENTAL ANALYSES OF ACETYLENE TERMINATED ASPARTIMIDES 
E l emental Ana lys i s a ( i )  
Compound Formu l a  mp , · C  C H N 
NEM C 1 2H 70 2N 1 2 9 - 1 3 1  ( 7 3 . 0 9 )  ( 3 . 5 8 )  ( 7 . 1 0 )  7 2 . 9 4  3 . 6 1 7 . 0 4 
1c C 3 7 H 2 8 04N 4 1 1 0 - 1 1 5  ( 7 4 . 9 8 )  ( 4 . 7 6 )  ( 9 . 4 5 )  7 4 . 8 1  4 .  8 0  9 . 3 8 
2 b C 1 8 H 1 40 2N 2 1 7 3 - 1 7 5  ( 7 4 . 4 7 )  ( 4 . 8 6 )  ( 9 . 6 5 )  7 4 . 4 8 4 . 8 8 9 . 6 3 
3c C 3 6 H 2 605N 4 1 0 5 - 1 1 1  ( 7 2 . 7 1 )  ( 4 . 4 1 )  ( 9 . 4 2 )  7 2 . 4 7 4 . 4 8 9 . 3 7 
4c C 3 6 H2 606N 4 S 1 1 4 - 1 2 0  ( 6 7 . 2 8 )  ( 4 . 0 7 )  ( 8 . 7 1 )  6 7 . 0 1  4 . 0 1 8 . 4 9 
5 c C 4 9 H 3 4 07N 4 1 0 5 - 1 1 0  ( 7 4 . 4 2 )  ( 4 . 3 3 )  ( 7 . 0 8 )  74 . 2 2 4 . 4 3 6 . 8 9 
6 c C 4 8 H 3 408N 4 S 1 0 8 - 1 1 5  ( 6 9 . 7 2 )  ( 4 . 1 4 )  ( 6 . 7 7 )  6 9 . 5 3 4 . 2 1 6 . 5 7 
7d C S 4 H4 4 06H 4 1 0 7 - 1 1 3  ( 7 6 . 7 6 )  ( 5 . 2 5 )  
( 6 . 6 3 )  
7 6 . 5 3 5 . 3 7 6 . 4 5 
a Theore t i c a l  values in pare n t h e s i s  
b Obtained as a mixture o f  d and 1 s t e reoi somers 
c Obtained as a mixture of d, 1 ,  and meso , stereo isome rs 
d Obtained as a mixture o f  eight s tereoisomers (3 chira l center s )  
...... 
...... 
w 
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When subj ected to DSC the ATAs exhibited an endotherm 
due to me lting followed shortly by a s trong exotherm due to 
the reaction o f  the acetylene groups ( F igure 3 1 ) . After 
heating to 3 0 0 ° C  the ATAs showed no base l ine deflections 
characte r i s t i c  of a Tg or an exothermic reaction . Thi s  
indicated that the compound s were very highly cro s s l inked 
and that the exothermic reaction had gone to c omplet ion . 
Also , the absorptions charac ter i s tic o f  the acetyl ene group 
were absent in the i n frared spectra . Compound l was cured 
at 3 0 0 ° C  for 1 5  min . in s tatic air , then subj ected to TGA 
i n  an air envi ronment . I t  showed a temperature o f  5 %  
we i ght los s o f  4 5 0 ° C .  This i s  quite h igher than the 
temperatures o f  5 %  we ight l o s s  as measured by TGA reported 
for the s imi lar ATA previous ly prepared at NASA and the 
commerc i a l ly ava i l able Ker imid 3 5 3  which were 3 7 0 °  and 
3 7 4 ° C , res pect ive ly . All o f  the TGA experiment s compared 
above were per formed in s tatic air at a heating rate of 2 . 5  
° C / min . I t  shou ld be noted that the ATAs were relatively 
brittle a fter cur ing to 3 0 0 ° C ,  however they were l e s s  
brittle than Ker imid 3 5 3  o n  a qua l i tative bas i s .  
Heats of  Reaction ( �H )  
The heats o f  reaction (� H )  for e ach o f  the ATAs were 
determined on a Dupont Model 1 0 9 0  Therma l Analyzer 
interfaced wi th an IBM personal c omputer at a heating rate 
of 2 0 ° C /min . Prior to running the experiments the 
instrument wa s cal ibrated with an Indium standard ( T  = f 
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F igure 3 1 . DSC thermogram o f  2 .  
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1 5 6 . 6 ° C , � H  = - 2 8 . 4 0 J i g )  and the c e l l  coe ffic ient ( E )  was 
determ ined . The areas under the exothermic peaks were 
determined by ins trumental i ntegration and the �H ' s were 
c alculated from the fol lowing equat ion . 
where ; A 
m 
B 
E 
�qs 
�H 
� H  ( 6 0BE �qs ) Aim 
Peak area in cm2 
S ample mass in mg 
T ime Base setting in min l cm 
C e l l  c a l ibration coeffic ient ( dimensionle s s )  
Y-ax i s  range in mWl ern  
Heat o f  fus ion in J i g  
The � H  values for the ATA ' s  are pre s ented in Tab le 8 ,  the 
values ranged from - 2 3 . 2  kcal l mole to - 4 9 . 2  kcallmole 
pre sumably dependent upon s tructure and acetylene den s i ty .  
To help ver i fy the s e  results one o f  the experiments was 
repeated on a d i f fe rent ins trument (Dupont Model 9 9 0  
Thermal Analyz e r )  us ing a di f fe rent DSC c e l l  where the area 
under the exothermic peak was determined manual ly with a 
planimeter . The � H  values obtained by thi s  method were 
within 6 %  of the ins trumental ly determined values . The �H 
values in T ab l e  8 compare we l l  with some l i te rature reports 
on the � H ' s  o f  s imi lar acetylene containing compounds 
( 9 0 , 1 0 3 )  . The dependence o f  �H on the heating rate for 
compound 1 ( T able 9 )  showed that the heating rate has a 
dramat i c  e f fect on endothermic and exothermic proces se s .  
I t  i s  w e l l  known that as the heating rate i nc rea s e s , the 
Compound 
NEM 
1 
2 
3 
4 
5 
6 
7 
TABLE 8 
� H* VALUES FOR THE ATAs 
exotherm peak , ° C  
max imum 
2 0 2  
2 0 8  
2 4 3  
2 2 5  
2 0 0  
2 3 7  
2 7 0  
2 4 4  
� H , J i g 
- 4 9 2  
- 3 4 }  
- 4 3 5  
- 3 3 0  
- 2 7 5  
- 2 0 5  
- 2 1 0  
- 1 8 5  
* Determined a t  a h e ating rate o f  2 0 ° C / mi n ,  with i n s trumenta l integration 
� H ,  kca l lmol e  
- 2 3 . 2  
- 4 9 . 2  
- 3 0 . 2  
- 4 6 . 9  
- 42 . 2 
- 3 8 . 7  
- 4 1 . 5 
- 3 7 . 4  
I-' 
I-' 
-..J 
TABLE 9 
DEPENDENCE OF 6H @ ON H EAT I NG RATE FOR COMPOUND 1 
Heating 
Rat e , D C /min 
5 
1 0  
2 0  
5 0  
endothe rm , D C  
max imum 
1 1 2 
1 1 6  
1 1 9  
1 2 2  
* samp l e  weight o f  3 . 5 0 mg for each run 
exotherm , D C  
maximum 
1 6 4  
1 8 5 . 5  
2 0 8 . 5  
2 3 7 . 6  
6H , kcal /mole 
- 4 4 . 9  
- 4 7 . 2 
- 4 9 . 2  
- 4 8 . 6  
@ Expe rimen t s  per forme d on Dupont Mod e l  1 0 9 0  Therma l Ana lyzer with I n s trume ntal I ntegr ation 
t-' 
t-' 
co 
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temperature and inten s i ty o f  the trans itions a s  detected by 
Dse increases accordingly . For example , the exotherm peak 
maxima increased from 1 6 4 ° e  to 2 3 7 ° e  when the heating rate 
was increa s ed from 5 to 5 0 o e /min . The �H value fluctuated 
s l ightly with heating rate , s ome of this  f luctuation can be 
attr ibuted to exper imental e rror . On the average the �H 
value for compound 2 wa s - 4 7 . 0 5 ± 2 . 1 5 kcal / mole regardless  
of  heating rate . One report ( 9 2 )  concerning the compound 
N- ( 3- ethynyl pheny l )  phthalimide found that the �H value wa s 
- 3 8 . 6  ± 0 . 4  kcal /mole regardle s s  o f  heating rate . I t  is  
not unexpec ted that the �H for compound 1 i s  greater than 
that o f  the ethynyl phthalimide compound s ince compound 1 
contains two ethyny l groups per molecule whi l e  the 
phthalimide contains only one . 
CONCLUS IONS 
I t  was demons trated that the reaction o f  N- ( 3 -
ethynylpheny l ) ma leimide wi th aromatic ami nes provides a 
route to nove l acety lene terminated aspartimides . I t  was 
demons trated that a fter cur ing to 3 0 0 ° C ,  no Tg was evident . 
Also , a fter curing the mate r i a l s  exh ibited high thermal 
stab i l i  ty a s  measured by TGA . The 6H ' s were determined 
us ing DSC . They ranged from - 2 3 . 2  to - 4 9 . 2  Kcal/mole . 
The se mater i a l s  will  be b lended with some acety lene 
terminated polyaryl ene ether s .  The mechan ical properties 
wi l l  subsequent ly be determined . Acetylene terminated 
thioas part imide s wi l l  be prepared from aromatic d ithiols 
and the i r  properties w i l l  be evaluated . 
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EXPERIMENTAL 
Gene ral 
All  me lt ing points were determined on a Thoma s Hoover 
me lting point apparatus and are uncorrected . Elemental 
analyses were per formed by either Atlantic Microlabs , Inc . , 
Atl ant a , Georg i a  or Galbraith Laboratories , Inc . , Knox-
vi l le , Tenn . I n frared ( I R )  spe ctra were obtained on a 
Perkin-E lmer 2 8 3  spectrophotometer as th in fi lms , KBr d i s c s  
and Nu j o l  mul l s . Proton a n d  carbon nuc lear magnetic 
re sonanc e ( lH and 1 3C NMR) spectra were obtained on a JEOL 
FX9 0Q Fouri e r  trans form NMR spectrometer . Chemical sh i fts 
are reported in parts per mi l l ion ( 0 ) downfield from 
internal tetramethy l s i lane ( TMS ) . Di f ferential Scanning 
Calorimetry ( DS C )  was per formed in static air or a nitrogen 
atmosphere at a he ating rate of 2 0 ° C /min u s ing a DuPont 
model 9 9 0  or 1 0 9 0  therma l analy z e r  in combination with a 
s tandard DSC ce l l .  Thermogravimetric analyses ( TGA ' s ) were 
per formed on powdered s amples u s ing a Pe rkin-E lmer program 
temperature control l e r  model UV- 1 in combination with a 
heater contro l le r  and an autobalance mode l AR- 2 at a 
heating rate o f  2 . 5 ° C /min in both air and nitrogen . 
Amines and Reagents 
Ani l ine was pur i fied by vacuum distil lation and 
s tored in a dark bottle . 3 -Aminophenylacetylene was 
obt ained from Gul f  Oil  Chemical company and pur i fied by 
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vacuum d i s t i l lation ( bp 6 9 - 7 3 ° C ,  0 . 3 5  rom Hg) . 4 , 4 ' ­
Diaminodipheny l methane was recrys t a l l i zed from benz ene , mp 
9 1 - 9 2 . 5 °C . 4 , 4 ' -Diarninod iphenyl e ther was subl imed under 
vacuum at 1 7 5 ° C ,  mp 1 8 8- 1 9 0 °C . 4 , 4 ' -D iaminodiphenyl sul fone 
was used as rece ived from F luka Chemical Co . ,  mp 1 7 5 - 1 7 7 °C .  
4 , 4 ' -B i s ( 3 -aminophenoxy ) benz ophenone and 1 , 1 , 3 -trimethy l-
3 , 5-bis ( 4 - arninophenoxy ) indane ( polymer grade diarnine s )  were 
used as received from M it sui Toatsu Chemical Inc . , mp 
1 4 1 - 1 4 2 . 5 ° C  and 1 2 9 - 1 3 0 . 5 ° C , re spect ive ly .  4 -Arninophenol 
was recrys t a l l i zed from di sti l led water us ing charcoal , mp 
1 8 8 - 1 9 0 ° C .  Mal e i c  anhydride was pur i f i ed by vacuum dis-
t i l at ion , mp 5 4 - 5 5 . 5 ° C . N , N-D imethylacetamide ( DMAc ) wa s 
pur i fi ed by vacuum d i s t i l lation ove r calc ium hydr ide and 
stored in a de s s icator . The remaining reagents unl e s s  
s pe c i f i ed otherwi se were used a s  rece ived . 
4 , 4 ' -B i s  ( 4-aminophenoxyphenyl )  sul fone 
Into a 1L , three-neck , round bottom flask equipped 
with a mechanical s ti rrer , thermometer , ni trogen inlet , and 
Dean Stark trap wa s p laced 4 - arninophenol ( 7 6 . 0  g ,  0 . 7 0 mo l ,  
Eas tman Chemical Co . ) , pulve r i z e d  anhydrous potas s ium 
c arbonate ( 1 2 0 . 0  g ,  0 . 8 6 mo l ,  Aldr ich Chemical Co . ) ,  dry 
DMAc ( 2 0 0  roL ) , and to luene ( 1 0 0  mL ) . Water was removed by 
heating the mixture to - 1 3 0 ° C  for 2 - 4  hr unde r nitrogen . 
Pulver i zed 4-chlorophenyl sul fone ( 1 0 0 . 0  g ,  0 . 3 5 mo l ,  
Aldrich Chern . Co . )  was added a s  a solid a long with addi­
tional DMAc ( 2 1 5  mL ) . The reaction mixture was heated to -
1 2 3  
1 5 5 ° C  for 2 4  h r  under n itrogen , cooled , and the product 
pre cipitated in a mixture of ice and - 1 0 %  aqueous acetic 
ac id to g ive a pale o range s o l id , ( 1 4 8  g, 8 7 . 5 % yield) . 
The c rude product , mp 1 7 5 - 1 8 0 ° C  was recrystal l i z ed twice 
from I -butanol u s ing charcoal to give 1 2 0  g o f  pale orange 
crysta l s , mp 1 8 8 - 1 9 0 ° C  [ L i t  ( 9 3 )  mp 1 8 9 - 1 9 1 ° C ] . 
N- ( 3 -Ethynylphenyl ) male imide ( NEM) 
I nto a 3 L round bottom flask equipped with a magnet­
ic s tirbar was placed 3 - arni nophenylacetylene ( 1 4 8 . 8  g, 1 . 2 7 
mol , Gul f  O i l  Chemical Co . )  and dry DMAc ( IL ) . The pale 
yel low s olution was p laced on an ice bath , a fter 1 5- 2 0  min 
mal e i c  anhydride ( 1 2 4 . 5  g ,  1 . 2 7 mol ,  Aldrich Chemical Co . )  
i s  s lowly added a s  a s o l id over a 1 - 2  hr per iod . The ice 
bath i s  removed and add it ional dry DMAc ( 7 0 0  mL ) i s  added 
to keep the intermediate amide ac id in solution . The 
s olut ion i s  st irred at room temperature for 3 - 4  hr . N ickel 
acetate tetrahydrate ( 1 . 0  g ,  4 . 0  romol , Eastman Chemical 
Co . )  and acetic anhydride ( 1  L) were added to the l ight 
yel low reaction mixture and s t i rr i ng was cont inued for 1 2  
hr a t  room tempe rature t o  a f fect cyc lodehydrat ion . The 
dark brown reaction mix ture was poured into d i s t i l led water 
with rapid s tirring to precipitate the product as a yel low 
s o l id , 2 2 6  g ( 9 1 % ) . THe c rude material was recrystal l i z ed 
from methano l us ing charcoal to provide the product as a 
ye l low crystall ine sol id , 2 0 0  g ( 8 0 % ) , mp 1 2 9 - 1 3 1 ° C .  IR  
( KBr ) 3 2 6 5  cm -1  ( C =C-H ) , 2 1 0 7  cm- 1  ( -C = C- ) , 1 7 7 7  and 1 7 1 9  
1 2 4  
cm- 1  ( C=O) . 1H NMR ( CDC1 3 ) 15 3 . 1  ( lH ,  s ,  C = C-H ) , 15 6 . 8  
( 2H ,  s ,  v inyl protons o f  ma l e imide r ing ) , 15 7 . 3 -7 . 5  ( 4H ,  
m ,  Ar-H) . Anal . C a lcd . for C 1 2H 702N :  C ,  7 3 . 0 9 % i  H ,  3 . 5 8 % i 
N ,  7 . 1 0 % . Found : C ,  7 2 . 9 4 % i  H ,  3 . 6 1 % i  N ,  7 . 0 4 % . 
Acetylene Terminated Aspartimides (ATA ' s )  
4 , 4 ' -B i s [phenylaspart imido- ( 3 -ethynylphenyl )  ] methane (1) 
A s olution o f  4 , 4 ' -diaminodiphenyl methane ( 5 . 0 0 0 0  g ,  
2 5 . 2  mmol , Aldr ich Chemical Co . )  and N- ( 3 -ethynylpheny l ) ­
ma leimide ( 9 . 9 4 6 0  g ,  5 0 . 4  mmo l )  in glac ial acetic a c id ( 3 5 
mL , 3 0 %  s o l ids ) was refluxed for 2 4  hr under a nitrogen 
atmosphere . The orange solution was cooled and poured into 
d i s t i l l ed water with rapid s tirring to precipitate the 
ye l low product as a mixture o f  s tereoi somers (� ,  1 ,  and 
me so forms ) . The crude product was collected , washed 
repeatedly with water and dr ied at - 1 1 0 ° C under vacuum to 
give 1 4 . 5  g ( 9 7 % ) . The mate r i a l  was recryst a l l i z ed from 
methanol to obtai n  an analytical s ample , mp 1 1 0 - 1 1 5 ° C .  
( KB r )  3 3 4 0  cm- 1  ( N-H) , 3 2 8 0  cm- 1  ( C =C-H ) , 2 1 0 9  
IR 
- 1  cm 
( -C = C - )  , and 1 7 7 8  and 1 7 1 4  - 1  ( C=O ) . 1H NMR ( DMSO-d6 ) cm 
15 3 . 2  ( 2H ,  s ,  C = C-H ) , 15 3 . 9  ( 2H ,  s ,  -CH2 - )  , 15 
N-H ) , and 15 6 . 5- 7 . 5  ( 1 6 H ,  m ,  Ar- H )  . Anal . 
C3 7 H2 8N4 04 : C ,  7 4 . 9 8 % i H ,  4 . 7 6 % i  N ,  9 . 4 5 % . 
7 4 . 8 1 % i H ,  4 . 8 0 % i  N ,  9 . 3 8 % . 
6 . 0  ( 2H ,  d ,  
C alcd . for 
Found : C ,  
1 2 5  
N- ( 3-ethynylphenyl ) -N ' -phenylaspartimide (�) 
The title compound was prepared from ani line ( 1 . 0 1 7 4  
g ,  1 0 . 9  rnrnol )  and N- ( 3 -ethynylphenyl ) maleimide ( 2 . 1 5 4 5  g ,  
1 0 . 9  rnrnol )  as previou s ly described for 1 .  The crude 
product was recrystal l i z ed from 1 , 2 -dichlorobenzene to give 
2 . 2 g ( 7 1 % )  o f  l ight tan crystals , mp 1 7 3- 1 7 5 ° C .  IR ( KBr ) 
3 3 4 0  cm- 1  ( N-H) , 3 2 7 5  cm- 1  ( C:C-H ) , 2 1 0 7  cm- 1  ( -C :C-)  and 
- 1  1 1 7 7 9  and 1 7 1 5  cm ( C=O) . H NMR ( DMSO-d6 ) <5 3 . 1  ( lH ,  s ,  
C : C-H) , <5 5 . 9  ( lH ,  d ,  N..-H ) , and <5 6 . 5- 7 . 5  ( 9H ,  m ,  Ar-H ) . 
Anal . C alcd . for C 1 8H1 4N202 : C ,  7 4 . 4 7 % ;  H ,  4 . 8 6 % ;  N ,  9 . 6 5 % . 
Found : C ,  7 4 . 4 8 % ;  H ,  4 . 8 8 % ;  N ,  9 . 6 3 % .  
4 , 4 ' Bis [phenylaspartimido- ( 3 -ethynylphenyl ) ] ether (l) 
The title compound was prepared from 4 , 4 '  -diamino-
d iphenyl ether ( 1 . 0 1 0 2  g ,  5 . 0 4  rnrnol , Aldrich Chemical Co . )  
and N- ( 3-ethynylphenyl ) maleimide ( 1 . 9 8 7 7  g ,  10 . 0 8 rnrnol )  as 
previou s ly described for .!. to give 2 . 9  g ( 9 6 % )  of pale 
yel low powder . The compound was recrystal led from 
methanol , mp 1 0 5- 1 1 P C .  
- 1  - 1  cm ( C:C-H) , 2 1 0 9  cm 
I R  ( KBr)  
( -C : C- ) 
- 1  3 3 4 0  cm ( N-H)  , 
and 1 7 8 0  and 1 7 1 4  
3 2 7 5  
- 1  cm 
( C=O) . 1H NMR (DMSO-d6 ) <5 3 . 1  ( 2H ,  s ,  C :C-H ) , <5 5 . 9 5 ( 2H ,  
d ,  N-H ) , and <5 6 . 7- 7 . 5 8 ( 1 6H , m ,  Ar-H ) . Ana l . Calcd for 
C ,  7 2 . 7 1 % ;  H ,  4 . 4 1 % ;  N ,  9 . 4 2 % . Found : C ,  
7 2 . 4 7 % ;  H ,  4 . 4 8 % ;  N ,  9 . 3 5 % . 
4 , 4 ' -B i s [phenylaspartimido- ( 3 -ethynylphenyl ) ] sul fone (!) 
The title compound was prepared from 4 , 4 ' -diaminodi-
1 2 6  
phenyl sul fone ( 1 . 0 0 0 0  g ,  4 . 0 1 nunol , F luka Chemical Co . )  
and N- ( 3-ethynylphenyl ) mal e imide ( 1 . 5 8 8 3  g ,  8 . 0 4 nunol )  as 
previou s ly described for 1 to give 2 . 4  g ( 9 4 % )  of pale 
yel low solid . The material was recrystal l i z ed from 
methanol to provide an analytical sample , mp 1 1 4- 1 2 0 ° C .  IR  
( KBr )  3 3 4 0  cm- 1  ( N-H)  , 3 2 7 5  cm- 1 
(-C::: C- )  and 1 7 8 0  and 1 7 1 5  cm- 1  ( C=O ) . 
( -C::: C-H) , 2 1 1 0  - 1  cm 
3 . 1  ( 2 H ,  s ,  C:::C-H) , 0 5 . 9  ( 2H ,  d ,  N-H) , and 0 6 . 9- 7 . 8  ( 1 6 H ,  
m ,  Ar-H ) . 
4 . 0 7 % ; N ,  8 . 7 1 % . Found : C ,  6 7 . 0 1 % ;  H ,  4 . 0 1 % ;  N ,  8 . 4 9 % . 
4 , 4 ' -Bis [phenoxyphenyl-3-aspartimido- ( 3 -ethynylphenyl ) ]  
ketone (�) 
The title compound was prepared from 4 , 4 ' -bis ( 3 -
arninophenoxy) benzophenone ( 5 . 0 1 2 8  g ,  1 2 . 6 4 nunol ,  Mitsui 
Toatsu Chemical Co . ) and N- ( 3-ethynylpheny l ) maleimide 
( 4 . 9 8 7 2  g ,  2 5 . 2 8 nunol )  as previous ly described for 1. to 
give 9 . 8  g ( 9 8 % )  o f  pale yellow solid . The compound was 
recrystalliz ed from methanol , mp l O S- 1 1 0 ° C .  I R  (KBr)  
3 3 5 0  - 1  (N-H)  , 3 2 7 5  - 1  ( C::: C-H ) , 2 1 1 0  - 1  ( -C::: C-)  , and cm cm cm 
1 7 8 0 , 1 7 1 5 , and 1 6 6 0  - 1  ( C=O ) • 1H NMR (DMSO-d6 ) 0 3 . 1  cm 
( 2H ,  s ,  C::: C-H) , 0 5 . 9  ( 2H ,  d ,  N-H) , and 0 6 . 9  - 7 . 8  ( 2 4 H ,  
m ,  Ar-H ) . Anal . Calcd for C 49H3 407N 4 : C ,  7 4 . 4 2 % ;  H ,  4 . 3 3 % ;  
N ,  7 . 0 8 % . Found : C ,  7 4 . 2 2 % ;  H ,  4 . 3 3 % ;  N ,  6 . 8 9 % . 
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4 , 4 ' -Bis [phenoxyphenylaspartimido- ( 3 -ethynylphenyl ) ] sul fone 
(§.) 
The title compound was prepared from 4 , 4 ' -bis ( 4-
aminophenoxy) diphenylsulfone ( 5 . 2 3 0  g ,  1 2 . 0 9 mmol )  and 
N- ( 3 -ethynylpheny l ) maleimide ( 4 . 7 6 9  g ,  2 4 . 1 8 mmol )  a s  
previous ly described for 1 to give 9 . 8  g ( 9 8 % )  o f  l ight 
orange solid . The compound was recrystal l i z ed from 
methano l , mp 1 0 8- 1 1 5 °C . I R  (KBr ) 3 3 4 0  cm-l (N-H)  , 3 2 7 5  cm- 1  
( C : C-H) , 2 1 1 0  cm- l  ( -C:C- ) , and 1 7 80 and 1 7 5 1  cm- 1  ( C=O ) . 
1 H NMR (DMSO-d6 ) 0 3 . 1  ( 2H ,  s ,  
and 0 6 . 9  7 . 8 ( 2 4H , m ,  
C:C-H) , 0 5 . 9 8  ( 2H ,  d ,  N-H) , 
Ar-H)  . Anal . Calc d .  for 
C ,  6 9 . 7 2 % ;  H ,  4 . 1 4 % ; N ,  6 . 77 % . Found : C ,  
6 9 . 53 % ;  H ,  4 . 2 1 % ; N ,  6 . 5 7 % . 
1 ,  1 , 3-Trimethyl- 3 , 5-diphenoxyphenylaspartimido-bis ( 3 -
ethynylpheny1 ) indane (2) 
The title compound was prepared from 1 , 1 , 3-tri-
methyl- 3 , 5 -b is ( 4-aminophenoxy) indane ( 3 . 0 1 7 1  g ,  6 . 7 0  mmol 
Mitsui Toatsu Chemica l Co . )  and N- ( 3 -ethynylphenyl ) male-
imide ( 2 . 6 4 1 0 g ,  1 3 . 4 0 mmol )  as  previously described for l 
to g ive 5 . 5  g ( 9 7 % )  o f  pale yellow solid . The compound was 
recrystalled from methanol , mp 1 0 7- 1 1 3 °C . IR (KBr)  3 3 4 0  
cm- 1  (N-H) , 3 2 7 5  cm- 1  ( C : C-H) , 2 1 1 0  cm
- 1 ( -C : C- ) , and 1 7 8 0  
- 1  1 and 1 7 1 5  em (C=O ) . H NMR (DMSO-d6 ) 0 3 . 1  ( 2 H ,  s ,  C :C-H) , 
o 5 . 9  ( 2H ,  d ,  N-H) , and 0 6 . 9  - 7 . 8  ( 2 3H ,  m ,  Ar-H ) . Anal . 
Calcd . for C5 4H4 406N4 : C ,  7 6 . 7 6 % ;  H ,  5 . 2 5 % ; N ,  6 . 6 3 % . 
Found : C ,  7 6 . 5 3 % ;  H ,  � . 3 7 % ; N ,  6 . 4 5 % . 
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Determination o f  Heat o f  Reaction ( �H)  
The heats of reaction ( �H )  for the ATA ' s were de­
termined on a Dupont Model 1 0 9 0  Thermal Analyze r .  Prior to 
determination o f  the �H the instrument was calibrated using 
an I nd ium s tandard ( �H = - 2 8 . 4  J / g ) . The peak area under 
the exothermic deflection was determined by instrumental 
integration , the peak area is then used to calculate �H by 
substitution into the equation . 
where ; A = 
m 
B 
E 
�qs 
�H 
6 0  = 
� H  ( 6 0BE �qs ) A/m 
Peak area in cm2 
Sample  mas s  in mg 
Time Base s etting in min/ern 
Cell  calibration coe f ficient ( dimensionl e s s )  
Y-axis range s etting i n  mW/ cm 
Heat o f  fus ion in J/g 
convers ion factor ( sec . to min . ) 
*The quantity ( 6 0BE �qs ) i s  constant for any g iven set o f  
instrumental conditions . I t  can be used to convert area 
directly into heats of reaction . 
The �Hs o f  the ATA ' s were measured at a heating rate 
of 2 0 °C/min . To determine e f fect o f  heating rate on �H , 
the �H for compound ! was determined at heating rates of 5 ,  
1 0 , 2 0 , and 5 0 °C /min . 
1 2 9  
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H NMR Spectrum of Poly 1,1'-(4,4'-Methylenediphenylene) 
(1,4-phenylene)bis(3-phenylpyrazole) (P3) 
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H NMR spectrum of Poly 1,1'-(4,4'-Methylenediphenylene) 
(1,3-phenylene)bis(3-phenylpyrazole) (P4) 
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1 3 C NMR Decoupled Spec trum o f  1 , l ' - ( 4 , 4 ' -Methylenediphenylene ) ­
bis ( 3 , 5-diphenylpyrazole ) (M2 ) 
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1 3c NMR SFOR Spectrum o f  1 , l ' - ( 4 , 4 ' -MethyI ened iphenyIene ) bis ( 3 , 5-diphenyIpyraz o I e )  (M2 ) 
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I 3c NMR Decoupled spectrum o f  Poly 1 , I ' - ( 4 , 4 ' -Oxydiphenylene ) ( 1 , 4-phenylene ) bis ( 3 -phenylpyra zole ) ( P I ) 
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I 3C NMR SFOR Spec trum o f  Poly 1 , 1 ' - ( 4 , 4 ' -Oxydiphenylene ) 
( 1 , 4 -phenylene ) bi s ( 3 -phenylpyra z o l e )  ( PI ) 
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1 3C NMR Decoupled spectrum o f  Poly 1 , 1 1 - ( 4 , 4 1 -0xydiphenylene ) 
( l , 3 -phenylene ) bis ( 3-phenylpyrazole)  ( P 2 )  
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l 3C NMR SFOR Spec trum of  Poly l , l ' - ( 4 , 4 ' -Oxydiphenylene ) 
( l ,  3-pheny lene)  b i s  ( 3 -phenylpyr azole ) ( P2 )  
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1 3C NMR Decoupled Spectrum of Poly l , l ' - ( 4 , 4 ' -Methylenediphenylene ) 
( 1 , 4-phenylene ) bi s ( 3 -phenylpyrazole ) ( P 3 ) 
I--' 
0'\ 
W 
TOUl 2t 
:UH i::1U 
0lSH1 IH' . t l H  
.''lil IS  
1If. nU,�;J  " "  IIIIt 
H2�.2� l � l . 'U 1 4 14 
!U;.J'  t ! I . ,9 H( 
::i54 . ? 3  / H . H! ' I t  
:: � j ': .  C2 1 4 1 ,  4 � 1  l i n  
: 1 � I . a  I ft. ttl l : t �  
j i l l . "  I lI . lil IH�  
2 �n.U 0 2 . ' "  2"� 
BH,H Ill.'" HZI 
Hl4.�7  1 11 . 2 5 1  JUS 
n !H'.H 1 i 9 . !2' 5", 
• .  lUb.H IU. l t t  j l l :  !�' UiLH g�:U: u;� 
I '  2S�4 . U  12'-"� 4H� 
1 5  21111.'5 114. 124 2U7 
" Z:H . •  5 Ilt .Ul lIH 
Ii ZU1.H 11'.'21 '" 
1$ 2 H I . ). 1 I 1 . , 1 J  1 1 1 1  
1 9  1 : ' ; . 5 ,  " . 45' 1514 
2i 1;)5.'! :7."5 11'. 
i I  1 1 I " U  l:.U' �"8 
?l ,ZZ,£� ".hl 5 1 '  }� ·!t : �� t :U �  H� 
. � �I .
t 
-- r 
-j 
'Y� 
� 
- 1  
.- �.------.. 
. _- -J _ ._- -. ! ... -. .
. 
.j 
i ------ ------
I. · - ·� - - · I 
-j 
l 3C NMR SFOR Spectrum o f  Poly 1 , l ' - ( 4 , 4 ' -Methy lenediphenylene ) 
( 1 , 4-pheny lene ) bi s ( 3 -phenylpyraz o l e )  ( P3 )  
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1 3C NMR Decoupled Spectrum of Poly 1 , 1  1 - ( 4 ,  4 I -Methylenediphenylene ) 
( 1 ,  3-phenyl ene ) bis  ( 3 -phenylpyrazole ) ( P4 )  
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1 3 C NMR SFOR Spectrum of  Poly 1 , l ' - ( 4 , 4 ' -Methylened iphen'ylene ) 
( 1 , 3-phenylene ) bis ( 3 -phenylpyrazole)  ( P4 )  
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